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HE important role of potassium in 

body physiology has been empha- 

sized only during recent years and 

today seems to be of critical impor- 
tance in certain pathological states. Darrow’s 
(4) and Govan’s reports concerning the ex- 
cessive loss and the clinical value of replace- 
ment of potassium in infantile diarrhea have 
prompted us to investigate the problem in 
experimental intestinal obstruction. The fol- 
lowing report concerns sodium and potassium 
balance studies in dogs with simple intestinal 
obstruction at various levels of the small 
bowel and in blind loop obstruction. Our ob- 
servations lead us to believe that there is an 
important interchange between sodium and 
potassium ions under the above experimental 
conditions. Blood serum levels of these ions 
remain remarkably constant with abnormal 
losses. The actual acute loss of potassium is 
small in comparison to the body total and 
does not seem more important than the ab- 
normal losses of sodium and water that are 
concomitant and which are greater in com- 
parison to their body totals. 

The role of potassium in body physiology 
was completely reviewed by Fenn (9) in 1940. 
More recently (10) he has summarized in a 
very scholarly fashion the function of po- 
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tassium in geologic history and plant, animal, 
and marine life. During the past decade there 
has been an increasing awareness of the im- 
portance of potassium in fluid replacement 
clinically and emphasis is shifting from extra- 
cellular to intracellular fluid and their inter- 
relationships. The concept that each com- 
partment is separate and distinct, protected 
by semipermeable membranes, is no longer 
tenable in its entirety and ions and even large 
molecules shift in such a fashion as to raise 
questions concerning theories of their distri- 
bution. 

Recently, Darrow (5) has reviewed data on 
disturbances of electrolyte metabolism in man 
and their management. Elkington and Wink- 
ler have convincingly demonstrated that pro- 
longed dehydration and starvation in the dog 
results in the excretion of more potassium 
than that derived by breakdown of tissue, 
with no comparable excretion of sodium, and 
a relatively greater loss of intracellular fluid. 

Potassium has been implicated as a toxic 
factor in intestinal obstruction by Scudder, 
Zwemer, and Whipple though more recent 
studies by Greenwood and Jorgensen have 
demonstrated that the suspected toxic factor, 
a rise in the serum potassium, is a terminal 
and not a primary factor. Potassium pre- 
sumably leaks out of the cells and is not ex- 
creted by the failing kidneys under such cir- 
cumstances. Falconer and his associates found 
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that there was a decrease in the concentration 
of the serum bases, particularly potassium, in 
clinical intestinal obstruction. They felt that 
this was due to potassium secretion into the 
gastric juice that was lost by vomiting or 
aspiration. The concentration of potassium 
in the gastric aspirations of 10 patients ranged 
from 7 to 22 milliequivalents per liter. Dar- 
row (4, 5) and his associates have demon- 
strated in infantile diarrhea that there is a 
large loss of potassium which is indicated by 
its retention during recovery. Administra- 
tion of potassium chloride has resulted in a 
decrease in their infant mortality. Bellet and 
associates have recently shown that there is a 
serum deficit of potassium in intestinal ob- 
struction with vomiting and muscle weakness 
indicated by characteristic electrocardiograph- 
ic changes which are reversible by administra- 
tion of potassium. There have been many re- 
cent reports on the value of potassium in the 
treatment of diabetic coma (15). For several 
years its value in familial periodic paralysis 
has been described (11). In this state the 
blood serum potassium is low during an at- 
tack; insulin administration which lowers 
blood serum potassium promptly may pre- 
cipitate an attack; and the attacks respond to 
potassium therapy. 

The ingestion cycle of potassium has been 
described by Fenn (9). One to 2 grams of po- 
tassium are secreted into and absorbed from 
the intestine each day in addition to the 
amount ingested in the average diet which 
consists of about 3 to 4 grams. Fenn has cal- 
culated that the average man has 175 grams 
of potassium in his body or approximately 
.25 per cent of his body weight. Of this total 
amount, approximately 3 grams are extra- 
cellular. These values are comparable to those 
found in the, dog. Experiments with radio- 
active potassium (14, 17, 19) indicate a rapid 
absorption after ingestion and a very rapid 
distribution following ingestion or injection 
into the blood stream or peritoneal cavity. 
Apparently potassium is mobilized from the 
cells by muscular activity, nerve stimulation, 
tissue damage, asphyxia, hemorrhage, hyper- 
thermia, histamine, adrenalin, acetylcholine 
and shock, and follows the deposition or re- 
lease of glycogen and possibly nitrogen. 





Very recent papers (20, 7, 18) have stressed 
the use of potassium in supportive therapy. 
Moore has very appropriately divided potas- 
sium losses and deficits into three groups: (1) 
chronic intracellular potassium deficit asso- 
ciated with prolonged starvation; (2) differ- 
ential intracellular potassium deficits in which 
loss of water and electrolyte exceeds nitrogen 
loss in such conditions as intestinal obstruc- 
tion, peritonitis, and dehydration from any of 
several causes; and (3) acute extracellular 
deficits as may exist in acute diarrheas, alka- 
losis, or diabetic coma in which sudden shifts 
of the potassium and sodium ions in the course 
of the disease or its treatment may lead to 
dangerously low plasma levels of potassium. 
Symptoms of potassium deficiency have been 
divided into two groups. The first is charac- 
terized by the acute onset of skeletal muscle 
weakness and may occur in chronic nephritis 
or diabetic acidosis (15) with rehydration. 
The second occurs more slowly in the post- 
operative state during the first 4 to 10 days. 
Drowsiness, languor, paralytic ileus, anorexia, 
and weakness are prominent symptoms. Usu- 
ally a low serum potassium accompanies these 
clinical findings. An electrocardiogram may 
reveal a fairly typical pattern with inverted 
P waves, slurring of the QRS complex and 
low, depressed ST segments, which may be 
reversed by potassium therapy. These papers 
have demonstrated relative potassium deficits 
in a variety of clinical states and may make 
possible the more judicious administration of 
potassium to the patient. 


EXPERIMENTAL METHODS 


Young healthy mongrel dogs were chosen. 
The animals had been present in the animal 
house under observation for a number of 
weeks, were free from distemper, or any dis- 
cernible infection or metabolic disturbance, 
and were in a good state of nutrition. The 
animals were placed in metabolism cages 1 
week prior to obstruction of the intestine. 
Control values of sodium and potassium out- 
put in the urine were obtained with a known 
constant “‘cage’”’ diet. Weights were measured 
daily. Serum levels of sodium and potassium 
were recorded. Under sterile precautions with 
veterinarian’s nembutal anesthesia, the ob- 
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Fig. 1. Simple terminal ileal obstruction with no vomiting. The loss of sodium and potassium is that 
of excessive administration and starvation. A 30 per cent weight loss during experiment, with reciprocal 
excretion of potassium and sodium after administration of each ion. 


structions were performed at various levels of 
the small intestine by dividing the bowel and 
turning in the ends, under two layers of in- 
terrupted No. oooo silk sutures. In 1 instance 
a tape was used to make the obstruction. Care 
was taken not to damage the vascular supply 
of the bowel, proximal or distal to the site of 
obstruction. A blind loop was formed by 
turning in the ends of a 15 centimeter segment 
of upper jejunum with two layers of inter- 
rupted No. oooo silk sutures. Intestinal con- 
tinuity was re-established by an end-to-end 
anastomosis of the jejunum with a single 
layer of inverting No. oooo interrupted silk 
sutures. The terminal ileum of 2 dogs was 
divided and the arterial and venous supply 
of a 30 centimeter segment was divided 30 
centimeters proximal to the point of obstruc- 
tion. One of the 2 animals was treated with 
aureomycin, 100 milligrams 4 times a day, 
intraperitoneally. Muscle biopsies were ex- 
cised from the glutei of these animals at ap- 
propriate intervals in the course of their ob- 


struction. Recovery from the operative pro- 
cedures was uneventful in all instances. 
Following the obstructions, the dogs were 
given nothing by mouth. Their fluid require- 
ments were met by subcutaneous injections 
of 5 per cent glucose in water. Sodium and 
potassium were administered by clysis in 
amounts indicated in the accompanying 
graphs. Urine was collected each day and 
quantitative values for sodium and potassium 
were determined for each 24 hour period. 
Blood serum levels of sodium, potassium, and 
chloride were determined at suitable intervals. 
Vomitus, peritoneal, gastric, intestinal, or loop 
fluids were carefully collected and were ana- 
lyzed for potassium and sodium content. To 
check the consistent observation that sodium 
concentrations in abnormal fluid losses ap- 
proximated and potassium concentrations 
were several times greater than their respec- 
tive serum values, a jejunal fistula was pre- 
pared in two dogs, utilizing the Thomas can- 
nula. The intestinal juice was collected in 
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Fig. 2. Simple terminal ileal obstruction. A 20 per cent weight 
loss with no vomiting. Note the time relationships between the 
administration and excretion of potassium and sodium. 


latex rubber bags (condoms) at suitable in- 
tervals during depletion and excess adminis- 
tration of sodium and potassium. During 
these periods balance studies of sodium and 
potassium were carried out. All experimental 
animals were sacrificed before becoming mori- 
bund with 2 exceptions, dogs 48-101 and 49- 
75. Specimens of heart, skeletal muscle, liver, 
and various levels of intestine were immedi- 
ately secured in all animals for analyses of 
sodium, potassium, chloride, and water con- 
tent, after weighing, drying, and ashing at 400 
degrees centigrade. Two normal control ani- 
mals were sacrificed and their tissues analyzed 
for sodium, potassium, and chloride content. 
The results of the analyses may be seen in 
Table I. 

A Perkin-Elmer flame photometer, model 
52-A, supplied with an acetylene burner was 
used to determine potassium and sodium uti- 
lizing lithium as an internal standard. In all 
instances duplicate readings were made with 
5 milliliter aliquots of the sample solutions. 


The rate of flow of the solutions through the 
atomizer was 5 milliliters per minute timed 
with a stopwatch. Duplicate readings agreed 
within 1 per cent or less. Chlorides were de- 
termined by the method of Van Slyke. Tissue 
chlorides were utilized to calculate the volume 
of extracellular and intracellular water, using 
a Donnan equilibrium factor of .95 and a 
serum protein dilution factor of .93. 


EXPERIMENTAL RESULTS 


The essential data of the experiments de- 
scribed are contained in the accompanying 
charts and tables. All values for sodium and 
potassium in fluids are expressed in milli- 
equivalents per liter, and are thus comparable. 
Weight curves and water balances are omitted 
for simplicity of the charts. 

Certain observations should be stressed. 
Simple obstruction of the terminal ileum of 
the dog causes practically no vomiting and 
the experiments were essentially those of star- 
vation. With obstruction of the upper small 
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Fig. 3. Paired control for animal 48-98. Potassium and sodium administration only during first period of star- 
vation without obstruction with only an 8 per cent weight loss. A cage diet between twenty-second and forty- 
fourth days with simple obstruction of the midjejunum on the forty-fourth day with marked vomiting and 
death from sodium depletion and water loss on the fifty-fifth day. Note the large sodium loss compared with 
potassium. Note the constancy of serum levels of these ions. 


bowel, vomiting occurs sporadically but in 
large volumes. In all instances with no intake 
and a large loss, sodium and chloride excretion 
in the urine was decreased to almost zero. 
Urinary potassium excretion, however, though 
markedly decreased under such circumstances 
was always equal to or somewhat greater than 
the calculated amount from the weight loss 
alone. The administration of sodium caused 
a marked but delayed diuresis of sodium and 
an accompanying significant increase in po- 
tassium excretion in most instances. This 
may be compared with the prompt excretion 
of potassium in the urine after administration 
by clysis, with a rise in the sodium excretion 
in most instances. It is of importance to note 
on the charts sodium excretion did not equal 
sodium administration in a single instance. 
Potassium on the other hand was excreted in 
equal or slightly greater amounts than those 
administered. Remarkably little change oc- 


curred in serum levels of sodium and potassi- 
um except terminally. This is not unexpected 
as the abnormal losses were covered in most 
instances by specific administration indicated 
in the charts, and there was normal kidney 
function indicated by the urinary output. 
Postmortem findings were no different patho- 
logically than those reported by many others 
in experimental animals and man. The loops 
above the obstruction were filled with varying 
amounts of foul smelling fluid and the walls 
were quite thickened and edematous. In these 
abnormal tissues the use of tissue chlorides for 
calculation of intracellular and extracellular 
water resulted in impossible values indicating 
that there must have been considerable chlo- 
ride within the cell as well as in the edema 
fluid. The values observed in normal stomach 
in Table I are examples of the impossible 
values obtained when stomach tissue chlorides 
are used for the calculations. 
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Fig. 4. Simple obstruction of the jejunum 6 centimeters 
below the ligament of Treitz. Massive sporadic vomiting 
occurred, particularly terminally. Note the tremendous 
losses of sodium and terminal rise of serum potassium with 


decrease in serum sodium. 


Examination of Table II reveals that there 
is considerable loss of sodium from the tissues 
(skeletal muscle) during the chronic and acute 
experiments. This loss is relatively much 
greater than that of potassium. Of particular 
importance are animals 49-207 and 50-1. These 
dogs with a strangulated terminal ileal ob- 
struction were studied as a paired experiment. 
Dog 49-207 received aureomycin as previ- 
ously indicated. Neither dog received any 
parenteral fluid and was allowed to drink 
water as desired. Dog 50-1 died in 48 hours 
of perforation and peritonitis with massive 
vomiting just prior to death with a large 
amount of intraperitoneal fluid. Dog 49-207 
lived 8 days and was sacrificed. Because of 
the aureomycin, perforation had not occurred 
and the strangulated loop of bowel had re- 
covered its blood supply from adjacent ad- 
hesions. The muscle biopsies show very nicely 





the intracellular adjustments that took place 
with no fluid or salt administration and with 
a progressive dehydration shown in the de- 
creasing extracellular water volume, and a net 
water deficit of 2,878 milliliters. One finds 
first an outward shift of sodium and water 
from within the cell and a concentration of 
potassium in the acute phases. As the animal 
recovered there was a shift of water and so- 
dium from the extracellular fluid to the intra- 
cellular with a decrease in the concentration of 
intracellular potassium. At the same time 
there was a reduction in the extracellular 
water volume and its sodium concentration. 
The values for intracellular sodium and po- 
tassium in dog 48-174, a perforated blind 
loop, and in dog 50-1 are comparable as was 
the clinical state with large acute losses of 
sodium and water and a relatively smaller 
loss of potassium. 
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Fig. 5. Fifteen centimeter blind loop formed from the upper jejunum. 
No abnormal losses until strangulation, perforation, peritonitis, and 
death on the twentieth day. Fluid losses in the loop and peritoneum 
are recorded in Table III. Note the terminal rise of potassium in the 


serum. 


Consideration of Table III reveals the rela- 
tive losses of sodium and potassium in ob- 
structed loops and peritoneum. The acute 
loss of sodium is several times that of potassi- 
um depending on the ratio of the concentra- 
tions of sodium and potassium in the fluids. 
As noted in Table IV and Figure 7 the con- 
centrations of sodium and potassium in nor- 
mal intestinal secretions are remarkably con- 
stant despite excess administration or deple- 
tion of these ions. In general the concentra- 
tion of sodium was equivalent to and that of 
potassium was several times greater than se- 
rum values. In the obstructed loop fluids 
(Table III) the concentration of potassium 
was much greater and apparently related to 
the amount of necrosis and inflammation. It is 
important io note that the loss of chlorides 


did not equal the loss of sodium in a single in- 
stance. 
DISCUSSION 

Our primary interest was to determine the 
potassium loss in the vomitus, intestine, and 
peritoneal cavity in intestinal obstruction. It 
was believed that this loss might be great 
enough specifically to account for some of the 
toxic symptoms of intestinal obstruction not 
already explained by dehydration, infection, 
sodium loss, and reduced blood volume on the 
basis of distention and vomiting with or with- 
out strangulation of a loop. As might be ex- 
pected in the dog, simple obstruction of the 
terminal ileum, with no oral intake, produced 
moderately little distention. There was prac- 
tically no vomiting, and the experiments were 
essentially starvation phenomena. In the ex- 
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TABLE I.—ELECTROLYTE PATTERN IN VARIOUS TISSUES OF TWO CONTROL DOGS 




































































ECW ICW Cl Na EC Na IC na Na ECK ICK K 
Tissue ml./kgm. | ml./kgm. | mEq./kgm.| mEq./kgm.} mEq./kgm.| mEq./kgm. a mEq./kgm.|mEq./kgm.|mEq./kgm. mig [l. 
wet wt. wet wt. wet wt. wet wt. wet wt. wet wt I wet wt. wet wt. wet wt. IC 
Heart A 169 605 20 67 26.5 40.5 66.9 13 0.89 72.1 119 
B 167 625 19 52 27.1 24.9 39.8 7° 0.9 69.1 Ilr 
Skeletal muscle A 135 574 16 49 21.2 27.8 48.4 80 ©.73 719.3 138 
B 131 629 15 44 21.2 22.8 36.3 81 0.7 80.3 128 
Liver A 220 477 26 61 34.5 26.5 55.5 56 1.18 54.8 115 
B 263 442 30 69 42.6 26.4 59.7 54 1.4 52.6 119 
Stomach A 457 332 54 04 71.7 22.3 67.0 63 2.5 60.5 182 
B 435 344 5° 80 70.5 9-5 27.6 56 2.2 53.8 157 
Duodenum A 237 554 28 76 37.2 38.8 67.1 82 z.3 80.7 147 
B 261 533 30 17 42.3 34.7 65.1 68 1.3 66.7 125 
Upper jejunum A 288 506 34 82 45.2 36.8 72.7 84 2.55 82.5 163 
B 235 534 27 7° 38.1 31.9 59.8 73 1.2 71.8 134 
Lower jejunum A 271 505 32 71 42.5 28.5 56.4 85 2.8 83.5 165 
B 261 545 30 72 42.3 29.7 54-5 54 rs 52.7 97 
Tleum A 203 533 24 69 31.8 37.2 69.7 73 1.1 71.9 133 
B 270 509 31 76 43-7 32.3 63.4 63 1.4 61.6 121 
Colon A 271 515 32 78 42.5 35-5 68.9 70 a.5 68.5 133 
B 305 488 35 72 49-4 22.6 46.3 58 1.6 56.4 116 
Serum A—K_ 55.28 _mEq./L. Serum B—K_ 5.4 mEq./L. 
Na 154 mEq./L. Na 159 mEq./L. 
mEq./L. Cl ror.4 mEg./L. 


Cl 104 
ECW—extracellular water 
ICW— intracellular water 


periment involving dog 47-221 the animal 
lived comfortably and actively for 37 days 
before sacrifice with complete terminal ileal 
obstruction. The sodium and potassium bal- 
ance studies are of particular interest in these 
animals with simple terminal ileal obstruction 
as there was practically no abnormal fluid 
loss. The renal conservation of sodium is quite 
striking and the low continued loss of potas- 
sium could be calculated roughly to equal the 
tissue destruction through starvation. After 
administration of sodium there was a marked 


increase of sodium excretion, though delayed 
12 to 36 hours, with a certain amount of so- 
dium retention. Concomitantly, there was 
also a rise in potassium excretion, indicating a 
shift of sodium into the cell and displacement 
of potassium. Because of the renal protection 
of the serum level of potassium, this displaced 
ion was excreted and lost. This may have 
important therapeutic implications because 
treatment of patients that have sodium and 
potassium depletion from whatever cause, 
with only sodium and glucose, may accord- 


TABLE II.—ELECTROLYTE PATTERN OF SKELETAL MUSCLE OF OBSTRUCTED DOGS AT TIME OF 
DEATH OR SACRIFICE, OR FROM MUSCLE BIOPSIES DURING THE COURSE OF THE EXPERIMENT 






































ECW ICW Cl Na EC Na IC Na Na K ECK iC K K 

Dog No. ml./kgm. | ml./kgm. | mEq./kgm.| mEq./kgm.| mEq./kgm.| mEq./kgm.| mEq./L. | mEq./kgm.|mEq./kgm.| mEq./kgm. a 
wet wt. wet wt. wet wt. wet wt. wet wt. wet wt. IC wet wt. wet wt. wet wt. Ic 
47-221 231 583 25 45 36.9 8.1 19.8 63 2.3 61.8 151 
48-98 : 83 679 9 35 12.6 22.4 32.9 68.2 0.5 67.7 100 
48-101 66 600 7 37.5 10.0 27.5 45.8 66.4 0.3 66.1 110 
48-35 127 643 13 33 17.9 15.1 23.4 77 0.7 76.3 118 
48-174 139 613 15 42 22.5 19.5 31.8 72 0.6 71.4 116 
49-207 (1-30) 153 591 18 59 23.6 35-4 60.0 72 0.6 71.4 121 
(2-2) 143 599 14 41 20.7 20.3 33.9 88 0.8 87.2 146 
(2-6) 11¢ 636 12 45 16.8 28.2 44.3 82 0.5 81.5 128 
50-1 (1-30) Ist 609 18 75 22.8 52.2 85.7 88 0.7 87.3 143 
(2-1) 124 637 14 41 18.4 22.6 35.5 80 0.6 79.4 125 
490-75 99 667 II 37 15.3 21.7 32.5 87.2 0.5 86.7 130 
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ingly cause further depletion of potassium in 
addition to diluting that which exists in the 
extracellular fluid. The administration of po- 
tassium chloride led to a sharp prompt excre- 
tion in the urine of equal or slightly greater 
amounts than that injected with a small rise 
in the sodium excretion in most instances. 
Apparently in the absence of a positive nitro- 
gen balance there is no retention of potassium. 
It is assumed that all of these animals were 
in a negative protein balance with no oral or 
parenteral nitrogen intake. It should be em- 
phasized that the operative procedures in 
some of the animals caused a loss of sodium 
and potassium in marked excess of the small 
amount of Ringer’s solution given intrave- 
nously as a vehicle for the anesthetic agent. 
This is probably related to the tissue destruc- 
tion attending the operation. Attention 
should be called to the report of Blixenkrone- 
Mdller who noted that in surgical patients 
the postoperative potassium loss did not ex- 
ceed the amount expected from tissue destruc- 
tion except when dehydration was present. 
Of further interest in all of these animals 
is the amazing protection of the serum levels 
of sodium and potassium during abnormal 
losses or during excessive administration. Only 
terminally when renal function was altered by 
dehydration and reduced blood volumes with 
hemoconcentration were there significant 
changes. At this time there was a tendency 
for serum potassium concentrations to rise 
and serum sodium concentrations to fall. The 
low sodium may readily be explained by the 
large losses of water and sodium into the lu- 
men of the bowel, the bowel wall, and the 
peritoneum, and through vomitus. The re- 
sultant hemoconcentration with reduced kid- 
ney excretion seems responsible for the ele- 
vated serum potassium despite a decrease in 
the total body stores. The calculated loss of 
potassium from cell destruction alone in star- 
vation should be sufficient to maintain serum 
levels at values above those at which toxic 
symptoms of deficiency occur. In the absence 
of intake and a long sustained chronic loss 
there may be slow reductions in serum values 
of potassium which may be analogous to the 
rough quantitative relationships of total se- 
rum proteins and body stores. In general, the 
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49-207 


Fig. 6. Strangulated terminal ileal obstruction with re- 
covery of circulation following intraperitoneal administra- 
tion of aureomycin. Vomiting and urinary loss of sodium 
and potassium only moderate. See Table II for tissue 
changes of these ions in this animal and its paired untreated 
control, 50-1. 


constancy of the serum level would make us 
question the value of serum concentrations of 
potassium as the sole indicator of a deficiency, 
particularly in acute losses where factors of 
hemoconcentration may cause high levels in 
spite of total body depletion. Also, electro- 
cardiographic patterns, representative of a 
physiological function, may be altered by oth- 
er factors than potassium loss. Thus, without 
balance studies it seems difficult to draw con- 
clusions regarding relative deficiencies of po- 
tassium on the basis of clinical and laboratory 
signs alone. The urinary excretion of these 
ions, including chlorides by normal kidneys. 
may be a more accurate index of the physio- 
logical balance. 

In the more acute experiments the sodium 
loss was far greater than the potassium loss 
with vomiting from high intestinal obstruc- 
tion. There was also an excessive water loss 
not indicated on the charts, demanding large 
replacement volumes. These facts are in ac- 
cord with those reported by all investigators 
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TABLE III.—SODIUM, POTASSIUM, AND CHLORIDE CONCENTRATIONS OF OBSTRUCTED INTESTI- 


NAL LOOP AND PERITONEAL FLUIDS, EXPRESSED AS MILLIEQUIVALENTS PER LITER 
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Doe Vv olum as a Potassium = 
mEq./L. mEq./L. mEq./L. 

Number — Loop Peritoneum Loop Peritoneum Loop Peritoneum Loop Peritoneum 
47-221 21.3 36 136 18.6 
48-98 11.2 135 50 88.0 
48-101 15.0 150 147 23.0 
48-35 8.6 78 85 23.5 
48-174 13.6 345 525 143 157 14.5 13.1 
49-207 13.0 390 71 86.4 52 
50-1 11.6 30 210 100 120 74.0 42.0 52 69 
14-49 10.2 50 250 142 150 12.5 10.3 or 81 
15-13 8.0 45 280 143 119 15.2 51.2 04 68 
49-208 20.4 330 810 121 130 19.4 13 38 64 
49-209 21.3 150 860 130 116 20.4 38.1 88 71 
































who have studied experimentally high intes- 
tinal obstruction. In general it might be said 
of the fluids lost by vomiting or into the loops 
or peritoneal cavity, that the sodium ap- 
proximated the serum concentration and the 
potassium was several times the serum con- 
centrations depending to a certain extent on 
the degree of strangulation of the bowel. As 
is shown in Figure 7 and Table IV, the normal 
upper intestinal secretions of two dogs con- 
tain sodium and potassium in relatively con- 
stant concentrations: sodium approximates 
and potassium is two to three times greater 
than the serum value. The concentrations of 
these ions also remains remarkably constant 
during depletion and excess administration 
of potassium, sodium, and water indicating 
that the intestine cannot conserve these ions 
when there are abnormal losses, or expend 


them with an abnormally large parenteral 
intake. This is an important fact to remem- 
ber in considering all losses of fluid from the 
intestinal tract. 

The experiment with dog 48-174 deserves 
special mention. There were no symptoms 
and no alterations in the sodium and potassi- 
um balance studies until the loop was strangu- 
lated. In this instance the fluid lost into the 
peritoneal cavity and intestinal tract is not 
reflected in the balance studies shown on the 
chart but in the accompanying table. As- 
suming an average value of potassium of .25 


per cent of the total body weight, this animal | 
contained approximately 34 grams of potas- | 


sium or 872 milliequivalents. An acute loss 


of 24 milliequivalents into the peritoneal cav- | 


ity and gastrointestinal tract would, there- 
fore, represent 2.7 per cent of the total body 


TABLE IV.—SODIUM, POTASSIUM, AND CHLORIDE CONCENTRATIONS OF URINE, BLOOD SERUM: 
AND NORMAL INTESTINAL FLUID COLLECTED FROM A MIDJEJUNAL FISTULA DURING DE- 


PLETION AND EXCESSIVE ADMINISTRATION OF SODIUM AND POTASSIUM 


















































Urine Serum Intestinal juice 
Period - mee 
Na K Cl Na K Cl Na K cl 
Control 19.2 15.2 15.6 160 4.64 III 147 14.4 
Depletion 4-4 6.5 0.7 156 6.08 107 | 156.3 12.8 128 
Excess K 04.2 33-4 71.3 163 5.48 105 | 156.3 13.6 116 
Excess Na 96 38.9 76.0 | 158 5.12 99 158.5 12.9 119 
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Fig. 7. The minimal effect of sodium and potassium depletion and excess 
administration on the intestinal juice from a fistula in the midjejunum. See 
also Table IV for similar values from a similar experimental animal. 


potassium. Similarly the acute losses in dog 
48-35 terminally from vomitus included in 
the graph did not exceed 4 per cent of the 
total body potassium. Similar calculations 
can also be made for dog 48-98. Thus the 
acute losses of potassium were small in terms 
of per cent of body total in comparison with 
the loss of sodium and body water that were 
quite large and approximated 25 per cent in 
some instances. 

When these smaller acute losses of potassi- 
um are continued for a period of several days, 
however, their aggregate may comprise a 
much larger per cent of the body total of po- 
tassium, and if uncorrected be of much greater 
significance. Thus, in Darrow’s case reports, 
it may be calculated on the basis of retained 
electrolyte that as much as 23 per cent of the 
total body potassium was lost in cases of in- 
fantile diarrhea. Similar calculations may be 
made for our animals on the basis of balance 
studies. It should be re-emphasized here that 
potassium retention following administration 
did not occur in our animals presumably be- 


cause they were in a negative nitrogen and 
caloric balance. The absence of potassium 
intake, the chronic sustained loss, and the 
shift of potassium out of the cells because of 
starvation and excessive sodium administra- 
tion may cause severe potassium depletion in 
certain cases of intestinal obstruction, yet on 
the basis of our observations, over emphasis 
of this loss is not justified. On the contrary, 
observations recorded in Table III indicate 
the seemingly greater importance of the so- 
dium losses and the corresponding readjust- 
ments in intracellular and extracellular fluids. 
Potassium seems to share in these readjust- 
ments in a secondary fashion and is excreted 
rapidly by the kidney when displaced by so- 
dium. When further losses of potassium occur 
in intestinal fluids lost by vomiting or into 
the peritoneum, and at the same time there is 
a large loss of water, the terminal electrolyte 
pattern of extracellular and intracellular fluids 
may be quite bizarre. Accordingly, therapy 
must be based on the knowledge of the relative 
loss of these ions, including chlorides as well 
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as the electrolyte pattern per se. It is hoped 
that the values for sodium, potassium, and 
chloride in abnormal fluid losses in experi- 
mental intestinal obstruction with correspond- 
ing balance studies may contribute to ju- 
dicious salt and water administration. Po- 
tassium losses alone were not toxic in the 
animals studied here. 


SUMMARY AND CONCLUSIONS 


1. Potassium loss in vomitus, obstructed 
loop fluid, peritoneal fluid and urine was de- 
termined in dogs with experimental small in- 
testinal obstruction at various levels, with 
and without strangulation, and in blind in- 
testinal loops. 

2. Sodium, potassium, chloride, and water 
balance studies were carried out on all ex- 
perimental animals. 

3. Jejunal fistulas were established in nor- 
mal animals to determine relative concentra- 
tions of sodium, potassium, and chloride in 
intestinal secretion during periods of normal 
salt intake, excess, and depletion. 

4. Various tissues of the experimental and 
normal animals were secured by biopsy or at 
postmortem examination and were analyzed 
for their intracellular and extracellular sodi- 
um, potassium, chloride, and water content. 

5. The acute loss of potassium under the 
above conditions was relatively small and 
did not exceed 4 per cent of the body total 
compared with the acute loss of sodium which 
approximated 25 per cent of the body total 
in certain instances. 

6. There is an important and prompt inter- 
change within the cell between sodium and 
potassium following administration of one of 
these cations. 

7. Potassium when displaced is excreted 
promptly in the urine despite total body de- 
pletion. . 

8. Under the above experimental conditions 
with a negative nitrogen balance there was 
no retention of potassium following its ad- 
ministration. Retention of sodium always oc- 
curred with a delayed diuresis. 

9. The concentrations of sodium and potas- 
sium in normal intestinal secretions remained 
remarkably constant during excess adminis- 
tration and depletion. 


10. Serum concentrations of sodium and 
potassium also remained quite constant ex- 
cept terminally in some moribund animals 
when there was a lowering of sodium and a 
sharp rise of potassium levels. 

11. The sodium concentration is approxi- 
mately equal to and the potassium concen- 
tration is several times greater than their 
respective serum levels in abnormal fluids 
lost during intestinal obstruction. 

12. The varying levels of potassium con- 
centration in abnormal fluids seemed to re- 
flect the degree of strangulation and necrosis 
of the obstructed intestinal loops. 

13. Within the cell there was a tendency for 
greater sodium depletion than potassium. 

14. Potassium loss per se was not toxic 
under the experimental conditions mentioned 
but was intimately related to the relatively 
greater sodium and water loss and the cor- 
responding intracellular and extracellular re- 
adjustments. 
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THE CLINICAL SPECIFICITY OF VULVAR FLUORESCENCE 


RALPH C. BENSON, M.D., F.A.C.S., LOUIS A. STRAIT, Ph.D., and 
CLIFFORD C. CHAPPELL, M.D., San Francisco, California 


T has been reported by McDonald and 
Margolese (7) that irradiation of the 
vulva with near-ultraviolet light (ap- 
proximately 3650 angstréms) results in 

luminescence unique to this area. We have 
studied this phenomenon with a conventional 
source of ultraviolet light and have confirmed 
their observation that certain characteristic 
luminescence colors occur. We believe that 
these colors can be fairly well correlated with 
ovarian hormone levels. However, we are led 
to believe that the vulvar colors originate in 
secondarily altered properties of the vulvar 
tissues stimulated by hormones. This is in 
contrast with an intrinsic luminescence of the 
hormones or related metabolites. 

This report consists of clinical observations 
and experiments to improve the technique and 
to elucidate the origin and nature of the phe- 
nomenon of vulvar luminescence. Our clinical 
observations were made on an initial series of 
103 obstetrical or gynecological patients pre- 
senting a variety of normal and abnormal con- 
ditions. The patients’ functional status—as 
revealed by placental or endometrial tissue, 
vaginal smears, or biopsies—was compared 
with the vulvar colors observed under conven- 
tional ultraviolet irradiation. 

We can confirm the fact that vulvar color 
under such ultraviolet irradiation shows real 
promise as a new clinical diagnostic aid. We 
have used special filters (Fig. 1) which demon- 
strated that particular hues are present. These 
are in addition to those arising from the poten- 
tially confusing imperfections of the incom- 
pletely filtered light source and the corres- 
ponding surface reflection of the residual vis- 
ible color. 

We have observed other minor variations of 
color but have been unable to establish that 
slight modifications of color can be correlated 
with a slowly changing clinical status. They 


probably reflect minimal alterations in the 


From the Division of Obstetrics and Gynecology and the 
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purely physical factors which determine the 
observed vulvar color. Slight color differences 
are difficult to assess to a sufficient degree of 
nicety for clinical usefulness. 


THE PROBLEM OF VULVAR FLUORESCENCE 


In ultraviolet light, all tissues and most 
complex organic substances derived from ani- 
mal or vegetable sources display luminescence 
or fluorescence.' One must recognize that this 
general tissue fluorescence is not a pure color 
but contains all of the visible spectrum colors, 
(This may be readily verified by viewing this 
fluorescence through filters ranging from red 
to blue.) The observed color of the vulva de- 
pends then upon the modification of this gen- 
eral ‘“‘white”’ fluorescence by any of the numer- 
ous factors which determine the observed color 
of an ultraviolet illuminated surface. These 
are the selective optical absorption properties 
of tissue and the physical surface characteris- 
tics. The effect of hormonal stimulation on 
the skin and mucosa is an important consider- 
ation. The effect of purely physical factors on 
observed color is evident in the case of scarring 
or neoplasia (2, 9). These altered colors should 
be distinguished from changes in hue due to 
what may be termed “superficial” fluores- 
cence; for example, the presence of fungus in- 
fection, smegma, certain powders, lubricants, 
and applications. A vivid red fluorescence of 
the vulva and perineum has been described in 
uterine bleeding states (3, 4,5). It is clearly 
superficial and is probably due to porphyrin- 
containing decomposition products of hemo- 
globin. 

It is agreed that the observed colors result 
from properties of the ultraviolet source, the 
eye as a color receiver, and the physical prop- 
erties of the tissue. We have studied the ef- 
fect of modifications of the source and have 
introduced an effective new ultraviolet cut-off 
filter for use at the eye to eliminate reflection 
and secondary eye fluorescence. 


1These two terms are equivalent for practical purposes. 
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Nonfluorescent contributions to the ob- 
served color of the vulvar surface may also be 
noted. They present elements which make 
more important contributions than has thus 
far been recognized. The effect of the faulty 
character of the commercial filters used has 
been described (7). These “leak” near-ultra- 
violet, visible-violet, and red radiations. The 
effects on the eye of the near-visible radiations 
at 3800 to 4000 angstroms have also been con- 
sidered (7). However, the effect of a much 
more significant radiation has been over- 
looked: the exciting radiation of wave length 
3650 angstroms. This wave length is “highly 
visible” to the dark-adapted eye under the 
conditions of the observation. It elicits a 
luminescence-like, bluish-purple response 
which makes a major contribution to the per- 
ceived color.' The bluish-purple effect of the 
3650 angstrém radiations reflected from the 
vulvar surface is particularly deceiving be- 
cause it has the “shimmering” appearance 
characteristic of fluorescence. This is prob- 
ably due to the inability of the eye to focus 
such a short wave length and to fluorescence 
of elements of the eye itself. 

We have recently developed a wholly visible 
transparent nonfluorescing ultraviolet cut-off 
filter (Fig. 2) which eliminates this potentially 
confusing effect.? We have attempted to eval- 
uate the limits these and other physical re- 
strictions place upon the usefui .aterpretation 
of the clinical observations of vulvar color. 


PROCEDURE AND METHODS 


Over 200 individual color drawings and cer- 
tain water color paintings were made by 2 
physicians and by a medical artist. The ob- 


1The strong “color” response of the eye to the 3650 angstrom 
radiation under these conditions may be verified. Examine 
directly in a spectrograph the intense image of a methane (CH4) 
mercury arc source filtered with a stock No. 5840 or No. 5860 
Corning filter, or examine same directly with a diffraction grat- 
ing; or view the filtered source, or better its reflection, from an 
aluminum surface with suitable cut-off filters placed before the 
eye. Compare the effect of Corning filter No. 7380 which trans- 
mits 70 per cent of 3650 angstréms with the effect of No. 3850 
which transmits 5 per cent of 3650 angstréms. The latter tech- 
nique of testing (reflection from a crumpled aluminum surface) 
reveals the strict need for using adequate filter components at the 
source and the eye. The inadequacy of Corning No. 5874 used 
conventionally with the source is thus made readily apparent. 
he surprisingly large contribution of 3650 angstréms may be 
more readily appreciated by viewing a relatively pure 3650 
angstrém source as described in preceding footnote with and 
without the cut-off filter before the eye. 
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servers’ visual acuity for color had been veri- 
fied early in the study. 

A mercury vapor lamp (CH4) with two 
5 millimeter thick, commercial, Wood’s- 
type glass filters (Corning R45M similar to 
Corning No. 5874) in series were employed for 
the “conventional” routine observations. Near- 
darkness and dark adaptation were employed. 
Color reproductions were made immediately 
after the examination of the patient. No lu- 
bricants or medicaments were permitted and 
vaginal examinations were made after visual- 
ization of the vulvar color changes. 

Some additional experimental procedures 
were employed further to investigate the 
origin and significance of vulvar color. A pur- 
ple or “eggplant”’ hue in the pregnant patient 
was the most important, clinically significant 
observation when the afore-mentioned ‘“‘con- 
ventional” filter system was used. However, 
an unqualified observation is unsatisfactory 
because with the commercial filter (Corning 
R45M or No. 5874) there remains a residual 
of violet and red components. If these are re- 
flected from a speculum or a white enameled 
surface, for exaggeration, they betray an in- 
tense color similar to the “specific” purple 
color. For this reason, numerous observations 
were made with the use of an additional filter 
(Fig. 1) which has the same optical properties 
as a solution of nickel sulfate in water in a 
quartz cell. This filter element was effective 
in completely removing the remnants of visi- 
ble red and violet and also the near-ultraviolet 
down to 3800 angstréms. This combined fil- 
ter, as may be seen in Figure 1, passes only 
part of the 3650 angstrém radiation. The 
characteristics and effective blackness of the 
combined filters may be seen from Figure r. 

Effect of visible leakage in the filter system 
with the use of the compound filter, “specific 
colors were still present but were faint. Their 
faintness was due in part to the removal of 
artefact visible light, but also to loss of excit- 
ing radiation in the region of 3650 angstroms. 
These experiments make it clear also that 
fluorescence is not induced significantly by ra- 
diation less than 3300 angstréms. It is ex- 
cited more efficiently by 3650 to 3360 ang- 
stréms. The source was also effectively freed 
from visible light, with minimum loss at 3650 
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angstréms, by the use of Corning filter No. 
5840 (more effective in reducing the visible red 
than No. 5860.) It was observed that the col- 
ors are altered but are similar to those ob- 
served with the filter of Figure 1, but corres- 
pondingly more intense. Therefore, these par- 
ticular fluorescence colors are established as a 
real element clinically. 

Effect of the ultraviolet exciting radiation on 
the eye. The effect on the observed color of the 
reflected strong 3650 angstrém radiation has 
been mentioned. (The relative contribution of 
3800 to 3900 angstrém radiations, thought by 
others (7) to be important, are negligible.) To 
correct for 3650 to 4000 angstrém artefact 
light, a visibly transparent but ultraviolet 
eliminating filter is required at the eye as a 
viewing filter. The difficulty of. developing 
such a filter to eliminate the 3800 to 3900 ang- 
strém radiation, yet free from fluorescence has 
been described (7). We have recently pro- 
duced an effective filter for this purpose as 
follows: 


Paradiethylaminobenzaldehyde was incorporated 
into a butvar film by dissolving 0.5 gram of butvar 
powder with gentle heat into ro cubic centimeters of 
ethyl alcohol solution of the paradiethylaminoben- 
zaldehyde (approximately 5 gm. per cent) gently 
boiling off excess ethyl alcohol to leave a viscous but 
pourable mass. A sandwich containing the above 
(0.001 inch thick) was made between nonfluorescent 
glass plates by pouring the butvar on one of the 
plates upon which rests a thin annular “‘spacer”’ ring, 
then affixing the top plate and sealing the ‘‘sand- 
wich” rim about the spacer. (See Figure 2.) 

The concentration of the paradiethylaminobenzal- 
dehyde is not critical. We add a trace of paranitro- 
aniline which improves the filter slightly. A slight 
amount of ethyl alcohol must be allowed to remain 
because this solvent quenches the fluorescence. 


Thus a satisfactory viewing filter is available. 
The excellent cut-off characteristics of this 
filter are shown in Figure 3. These charac- 
teristics are the same as those required of an 


ultraviolet photographic haze filter. (The 
available commercial filters are of limited 
usefulness because all fluoresce more or less 
intensely.) With the use of this filter before 
the eye, the pronounced bluish-purple surface 
color of the vulva almost disappears. It now 
appears merely as a dark hue. Further studies 
are under way with the effective 3650angstrém 
source and this viewing filter. 


DESCRIPTION OF COLORS 


Margolese (6) noted that with conventional 
filters, the perineal and vulvar surfaces exhibit 
a yellow color prior to adolescence. After 
puberty, the colors gradually change to green 
with purple making its appearance only after 
menarche. Pregnancy causes a very dark pur- 
ple to appear, particularly in the labia minora 
and at the fourchette. With natural or in- 
duced menopause, there is a loss of purple 
often through green to yellow. 

We have been able to confirm certain of 
Margolese’s observations but not others. We 
have very definite objections and reservations 
regarding the drawing of clinical conclusions 
from slight color changes for reasons which we 
have mentioned and which we shall discuss 
more fully. 

We propose under the conventional experi- 
mental conditions described here and most 
commonly available, that it is desirable to dif- 
ferentiate not more than 6 distinct color en- 
tities in vulvar fluorescence: (1) deep purple, 
(2) purple, (3) green, (4) yellow, (5) brown— FF 
or the absence of the other colors, and (6) red. 
Incidentally, patients frequently presented 
more than one color. In our series, most wom- 
en beyond the functional years exhibit a rela- | 
tive absence of color, with what we have called 
a brown background prevailing. Serial ex- 
posures of the patients during the puerperium, 
and of patients with induced and also of dated 
spontaneous abortion, indicate that there is a 
very rapid loss of deep purple after termina- 
tion of the pregnancy. The resultant purple is 
frequently altered by distinct areas of yellow 
and green. 

While fresh blood does not fluoresce and is 
black under ultraviolet light, a brilliant red or 
red-orange was found to be regularly associ- 
ated with bleeding states. This red color was 
superficial, was on the skin and mucosa, and 
could be wiped away on swabbing. This is in 
distinct contrast to the previously mentioned 
colors which appear to be within the tissues 
themselves. We have not seen the vivid red 
in the tissues prior to uterine bleeding as de- 
scribed by McDonald and Margolese (7). 

In contrast to the vulva, the vagina does 
not display all the colors mentioned. A purple 
or gray-purple, often with a distinct olive 
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Plate I. a, Vulvar fluorescence of postmenopausal woman (no hormone therapy). Yellow to brown 
color of vulva is typical of hypoestrinism. b, Vulvar fluorescence of woman during functional years, 
midcycle, nonpregnant. Purple hue of labia minora notable. c, Vulvar fluorescence of woman in 
normal late pregnancy. Deep purple of labia characteristic of gestation. Reddish-orange on mons 
due to intertrigo. d, Vulvar fluorescence of woman with incomplete 2 months’ abortion. Note loss 
of deep purple to purple and vivid red of blood porphyrins signifying loss of pregnancy and persist- 
ent vaginal bleeding. 


The Clinical Specificity of Vulvar Fluorescence.—Ralph C. Benson, Louis A. Strait, and 
Clifford C. Chappell. 
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tinge, was seen in pregnancy and during the 
functional years. In older women after the 
menopause, a dead-white or grayish-brown 
vaginal surface was usually seen. The admin- 
istration of steroid sex hormones to a group of 
these patients caused a return of purple in the 
vagina and vulva in 1 to 2 weeks. Deep purple 
was never noted in the vagina proper nor was 
bright green or yellow, which were occasion- 
ally seen in the vulva. The cervix responded 
much as the vagina. !f red was noted within 
the vaginal canal, it could be wiped away and 
could be expected on the vulva also. 

The observed deep purple of the vulva of the 
pregnant patient appears within the first 
month. Because of the extremely high per- 
centage of pregnant patients exhibiting deep 
purple even during the early weeks of gesta- 
tion, this color suggested pregnancy to us when 
encountered. A single false positive and no 
false negatives in our series of 36 cases are re- 
corded. We have not noted a significant in- 
crease in the depth of the vulvar deep purple 
as pregnancy advances. 

There is a lack of specificity of certain colors 
(purple, green, and yellow) as a fine index of 
ovarian function. For example, patients with 
hyperestrinism (and the resultant hyperplastic 
endometrium) failed regularly to show a more 
intense purple than those with simple pro- 
liferative endometrium. Neither was there an 


as 


10 


2» 3 


8 § 3223 3 3 
| = | 


oe 


a6 
Visibility 


2 
¢ 
ls 
~ 
¢ 


~ 
2 
9, 
~~ 


a4 


az 





8 Shoe 


Combined filter effective in removing remnants of visible red and violet and near violet to 


especial depth of purple or any significant ad- 
mixture of purple with green to be seen in pa- 
tients presenting a progestational endome- 
trium. A comparison of the functional status 
of our patients presenting purple and the vari- 
ability of endometrial specimens, vaginal 
smears, etc., is shown in Table I. 

The data of Table I demonstrate the lesser 
degree of diagnostic reliability of this purple 
color in contrast with deep purple. Similar in- 
consistencies and variability of interpretation 
were present for green and yellow also. 

It should be noted from Table I that 16 of 
17 abnormal pregnancies showed not the deep 
purple of normal pregnancy but only purple. 
This observation is in keeping with the rapid 
disappearance of deep purple after the termin- 
ation of pregnancy. It was shown in a series 
of daily observations of patients following 
therapeutic abortion, cesarean section and 
normal vaginal delivery. 

Green was infrequently observed with the 
described ultraviolet irradiation of the vulva. 
The variety of clinical states exhibiting this 
color casts doubt upon the usefulness of this 
hue, in itself, as a diagnostic point. Thus, 
green was observed in the normal puerperium 
as well as in the postmenopausal patient. 

Yellow was also uncommonly seen. The no- 
tation of this color in the woman after the 
menopause suggests that, in these women at 
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Fig. 2. Ultraviolet cut-off viewing filter (not to scale). 


least, declining ovarian function is attended 
by yellow of the vulva under ultraviolet light. 
Some patients showed a combination of yellow 
and green in the hypoestrogenic states. 

Brown, or the absence of the other colors 
described, was seen only in postmenopausal 
women. Their functional appraisal almost in- 
variably revealed gross estrogen deficiency. 

A vivid red fluorescence of the pudendum, 
the cervix, or both, was almost invariably ob- 
served with uterine bleeding. We consider 
this phenomenon quite different from the ob- 
servation of, say, purple in the vulva. We re- 
iterate that the former is a fluorescence per se 
and the latter is a net color from within the 
tissues. The presence of red indicates that 
bleeding had occurred during the recent past. 
Every bleeding patient in our series of 41 
showed vivid red except two. In one of these, 
fresh blood was passing. 

We believe that red is due to surface deposi- 
tion of porphyrin combinations smeared from 
the vagina (3, 4, 5). This color is different 
from a pinkish hue seen on rare occasions be- 
hind the labia minora. The latter is intrinsic, 
but could not be linked with any clinical syn- 
drome. 

Yellow-orange or silver fluorescence, often 
seen in intertriginous fungus infections, con- 
trasts sharply with the vivid red previously 
mentioned. An orange fluorescence, occasion- 
ally seen beneath the clitoris, is presumably 
due to smegma. 

Daily observations of obstetrical patients in 
ultraviolet light was made and color changes 
correlated with their clinical course. In wom- 
en subjected to therapeutic abortion and in 
those during the normal puerperium, a rapid 
change of colors was noted. The deep purple 
was lost rapidly—within 4 days or less. Only 


TABLE I.—-CORRELATION OF COLOR WITH 
ESTABLISHED DIAGNOSIS 


PURPLE 


a. Nonpregnant— 

Menometrorrhagia 

Myomata uteri, functional years 

Relaxed vaginal outlet, functional years... . 

Ovarian cystoma, functional years 

Salpingitis, functional years 

Carcinoma of cervix, no treatment, post- 
menopausal 

Carcinoma of the cervix, treatment 

Relaxed vaginal outlet, postmenopausal... . . 

Carcinoma of the tube, postmenopausal 

Carcinoma of the cervix, no treatment, 
functional years 


Functional appraisal— 
Endometrium 
Atrophic 
Proliferative 
Secretory 
Hyperplastic 
Incomplete shedding 
Vaginal epithelium 
Atrophic 
Vaginal smears 
Grade I (atrophic) 
Grade II (slight atrophy) 
Grade III (normal, functional) 
Grade IV (hyperestrogenic) 


Total appraisals 


b. Pregnant— 

Normal, early 

Abnormal— 
Premature rupture of membranes... . 
Abortion, incomplete 
Abortion, missed 
Abortion, threatened 
Abortion, tubal 
Abortion, hydatid 


purple remained. The appearance of vivid red 
on the first postpartum day, an expression of 
lochia rubra, was always noted. During the 
first week after delivery, green made its ap- 
pearance. This was usually somewhat below 
and lateral to the clitoris. (Yellow was not ob- 
served in postabortal or postpartum patients. ) 
Such a sequence of events may be of extreme 
importance as a prognostic aid in clinical ob- 
stetrics. We feel that if no deep purple is seen 
in cases of threatened abortion, the likelihood 
of salvage of the pregnancy is remote. 
Repeated examinations were also made in 
certain postmenopausal patients. Initial ex- 
aminations showed absence of all colors except 
brown. Subsequent to the administration of 
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diethylstilbestrol, anhydrohydroxyprogeste- 
rone, or both, there was a return of purple 
only. We did not observe a progression of 
colors through yellow, green, or both to purple 
as described by Margolese (6, 7). 


DISCUSSION 


It is probable then, that the observed color 
of the vulva under “‘black light” illumination 
is of diagnostic value. But, visual color is a 
complex ‘‘psychophysical”’ phenomenon which 
is difficult to define and more difficult to evalu- 
ate quantitatively. If only the physical fac- 
tors are considered, the color of a nonself- 
luminous object is not unique but depends 
upon: 

1. The spectra] composition and intensity of 
the light incident upon it. 

2. The capacity of the object to modify the 
spectral composition and intensity of the in- 
cident light. This relates to: (a) reflection— 
having to do with the nature of the object’s 
surface, and (b) selective absorption and scat- 
tering, which has to do with the molecular 
composition of the object. 

3. If the body becomes luminescent in addi- 
tion, it may emit new component wave lengths 
different from the exciting radiation. 

A description of the perceived color may be 
made in terms of the three following: (1) hue, 
(2) saturation, and (3) luminosity or bright- 
ness. 

The physical factors greatly affect the ob- 
served color of the vulva under conventional 
experimental conditions. As has been indi- 
cated, with the commercial “‘black”’ filter, 
there remains residual violet and red com- 
ponents. If these are reflected, they betray a 
color similar to the specific luminescent hue 
observed with the “totally black” filter. 
Therefore, the reflecting quality of the vulvar 
surface may affect the colors observed. The 
reflected visible light would modify both the 
hue and the saturation of the color which was 
due to tissue luminescence. Small differences 
in hue must remain of doubtful validity when 
an appreciable proportion of the overall small 
amount of light from the vulva is composed of 
extraneous red and violet light passing through 
poor commercial filters. Commercial filters 
are not successively duplicated by present day 
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manufacture, and it is admitted that the op- 
tical characteristics of glass filters are not 
guaranteed by the maker. 

The visual color mechanism introduces still 
other factors of significance to the interpreta- 
tion of the perceived color. Subjective phe- 
nomena, such as green appearing bluer on a 
yellow background and yellower on a blue 
background, are clearly operative. Color dis- 
crimination is at a further disadvantage in 
these studies because of the nature of the re- 
sponse of the eye to low luminosity. The color 
of an object depends upon its brightness; it is 
markedly changed when viewed by low lumin- 
osity (scotopic, 11) vision as compared with 
high luminosity (photopic, 8) vision. It is 
well known that there is a shift of the maxi- 
mum wave lengths of the visual receptor’s re- 
sponse to spectral stimuli of reduced wave 
lengths with decreased luminosity (Fig. 1). 

Low luminosity vision is thought to be due 
largely to rod response and high luminosity 
vision largely to cone response. Because color 
discrimination largely follows cone response 
(10), we believe that a refined differentiation 
of hues of vulvar color is vitiated. 

Attention is called to the effect of radiations 
close to the so called edge of the visible violet 
at 4000 angstréms. ‘Visibility’ more impor- 
tantly extends down to 3650 angstroms. This, 
as has already been described, makes a pro- 
nounced and deceptive contribution to the 
perceived color. 
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CONTROVERSIAL POINTS 


Margolese must be given great credit for the 
establishment of a new gynecologic diagnostic 
method. However, certain of our findings dif- 
fer markedly from those of Margolese and 
McDonald and Margolese (6, 7). In a rela- 
tively small series, we have noted these points 
which are important in their implications: 

1. There is no clinical specificity to minor 
variations in hue of purple or purple-green- 
yellow vulvar fluorescence. (McDonald and 
Margolese have illustrated definite, slight col- 
or shifts which they consider diagnostic.) 

2. The occurrence of vivid red vulvar fluo- 
rescence appears to be due to agents, probably 
protoporphyrins, on the vulvar surface and 
not within the tissues. (The previous authors 
believe that red is within the tissues.) 

3. Ina natural menopause, there is a loss of 
vulvar purple to brown, occasionally with the 
admixture of green, yellow, or both, but not 
necessarily through or including these hues. 
(McDonald and Margolese have implied that 
a rather regular spectral change is to be ex- 
pected with green and yellow.) 

4. Estrogen or progesterone administered to 
the postmenopausal woman results in the re- 
appearance of vulvar purple, without the in- 
variable appearance of green or yellow as in- 
termediate colors. (We believe a larger group 
of patients observed daily rather than weekly 
will be required to insure our observation 
which varies from Margolese’s findings.) 


SUMMARY AND CONCLUSIONS 


1. Vulvar fluorescence of 103 different ob- 
stetrical or gynecological patients exposed to 
conventional and specially filtered ultraviolet 
light was studied. Certain of these women 
were viewed over consecutive days or weeks 
and a variation of the original colors was noted. 

2. Ahormonal, functional appraisal of each 
case was obtained. The progress of pregnancy 
was noted; specimens of the placenta, endo- 
metrium, vaginal epithelium and vaginal 
smears were secured and evaluated. A cor- 
relation between the colors of vulvar fluores- 
cence and functional status of the patient was 
formulated. 

3. A relationship between 6 particular col- 
ors: deep purple, purple, green, yellow, brown, 


and red, and the functional status of the pa- 
tient was noted. 

4. Deep purple vulvar fluorescence was seen 
most frequently in patients presenting an ex- 
isting pregnancy. Purple was much less spe- 
cific and was often apparent in incomplete 
abortion or dysfunctional uterine bleeding 
during the woman’s functional years. With 
even slightly extended clinical vaginal bleed- 
ing, a vivid red was almost invariably recog- 
nized. In contrast with the other colors which 
were in the tissues, red was on the surface and 
could be wiped away. Green and yellow were 
noted during the puerperium and in meno- 
pausal states. Brown was the vulvar color 
seen in postmenopausal women not treated 
with estrogens. 

5. Deep purple, brown, and red seemed 
highly specific when checked against the clin- 
ical history of pregnancy, postmenopause, and 
clinical vaginal bleeding respectively. Also 
significant was the absence of deep purple in 
abortions of uncertain status. Fading deep 
purple was almost invariably followed by a 
loss of the pregnancy. It was impossible, 
however, to link purple with hyperestrogen 
or even normal estrogen states or to progeste- 
rone effect. Green and yellow to brown in the 
patient not recently gravid were very sug- 
gestive of hypoestrinism. 

6. Administration of estrogen, progesterone 
or both to a small group of patients caused the 
reappearance of purple in postmenopausal 
women. 

7. Reflection of all visible purple was elim- 
inated by the use of a specially designed nickel 
sulfate-quartz filter which excluded all signifi- 
cant residual wave lengths above 3650 ang- 
stréms. The intensity of the colors originally 
described was reduced but they were not elim- 
inated. 

8. Certain physical factors which detract 
from the specificity of minor color changes, 
particularly when viewed in light of low inten- 
sity and with faulty filtration of the ultraviolet 
light, are reviewed. Improvements in the ul- 
traviolet light source and a viewing filter sys- 
tem are described. 

9. Preliminary studies with a newly devel- 
oped viewing filter indicate that nonsuperficial 
colors do not arise from luminescence due to 

















BENSON et aAt.: CLINICAL SPECIFICITY OF VULVAR FLUORESCENCE 21 


intrinsic hormonal properties or content of the 
vulvar tissue. They are more likely the result 
of general tissue luminescence modified by the 
physical nature and selective optical proper- 
ties of vulvar tissue. 

10. The superficial vascularity and physical 
nature of this tissue seem to be important fac- 
tors. Experiments are in progress correlating 
the effect of the steroid hormones on vascular- 
ity and fluorescence. 
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DIRECT OBSERVATION OF SWEATING IN 
PERIPHERAL NERVE LESIONS 


Its Use as a Simple Diagnostic Test 


EDGAR A. KAHN, M.D., Ann Arbor, Michigan 


HE surgeon in peace time sees few 

peripheral nerve injuries compared to 

the men who worked in the neuro- 

surgical centers of the Army and 
Navy during the war. There is no question 
that the finer points in the diagnosis of these 
lesions are diffcult to keep in mind if one is 
not constantly working with them. For this 
reason many doctors uave taken a defeatist 
attitude, not realizing that most peripheral 
nerve injuries can be recognized by surpris- 
ingly simple methods even though the ex- 
tremity is encased in a plaster cast which ex- 
tends to the metacarpophalangeal or meta- 
tarsophalangeal junction. 

There are few surgeons of experience who 
have not discovered a paralysis of a peripheral 
nerve some time after having sutured a lac- 
erated wound, or treated a fracture by open or 
closed methods. The question then arises as 
to whether or not the paralysis was present 
from the start or resulted from what the pa- 
tient might very well think was poor treat- 
ment. This is the stuff of which law-suits are 
made. 

It should be an ironclad rule that an ex- 
amination for a peripheral nerve injury be 
made and recorded in every fracture or lac- 
erated wound of an extremity in a conscious 
patient. As a matter of fact, the absence, at 
least, of certain peripheral nerve injuries, can 
sometimes be established in an unconscious 
patient merely .by the direct observation of 
sweating. An adequate examination need 
never require more than 5 minutes’ time. 

Before one can rule out a lesion of a pe- 
ripheral nerve, one must be certain that the 
most distal portion of that nerve is function- 
ing. Because the wrist can be extended 
strongly does not mean that there is not an 
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injury to the radial nerve (dorsal interosseous 
branch) after the extensors to the wrist have 
been given off. In such a case, though the 
patient can extend the wrist, he has still lost 
the important function of extension of the 
thumb and carpophalangeal joints. Because 
the fingers can be well flexed does not mean 
that there is not a median nerve paralysis, 
since a lesion of that nerve at the wrist can 
give an opponens paralysis, and much more 
important, anesthesia of the palmar surface of 
the first three fingers. A test worth remember- 
ing, then, must be one which establishes the 
presence or absence of the most distal function 
of the nerve being tested, provided, of course, 
that the distal function is of importance to the 
patient. 

In 1927 Ney published a simple method of 
determining nerve injuries in the extremities. 
For the upper limb the method consisted of 
making a five-fingered cone with the tips of 
the fingers, and then extending the thumb. 
The intact ulnar nerve bunches the fingers 
into a cone, the median opposes the palmar 
surface of the thumb to the pads of the termi- 
nal phalanges and the radial nerve extends the 
thumb. 

The test is a good one but has two disad- 
vantages. First, a patient with an acute in- 
jury of an extremity may not move the fingers 
because of pain or for fear of causing pain by 
movement. Second, in missile wounds with 
all peripheral nerves spared, the entire ex- 
tremity may at first seem totally paralyzed. 
The test, moreover, is difficult to carry out 
with the arm in a cast extending to the meta- 
carpophalangeal junction. Nevertheless, if 
the test can be well executed, one can be quite 
certain that there is no significant lesion of the 
median, ulnar, or radial nerves. 

It is well known that if the great toe can be 
extended the peroneal portion of the sciatic 


























Fig. 1, left. Normal sweating on palmar surface tip of 
patient’s left little finger, photographed under magnifica- 
tion of approximately 9 times. 


nerve is not divided. If the great toe can be 
actively flexed, the same may be said for the 
tibial portion. If the great toe can be extended 
and flexed, there cannot be a complete lesion 
of the sciatic nerve. 

Livingston has reported a better method for 
the upper extremity. Again in testing the 
radial nerve, the ability to extend the distal 
phalanx of the thumb with force rules out 
interruption of that nerve. In testing the 
median nerve, perception of pinprick over the 
distal phalanx of the palmar surface of the 
index finger is observed. If there is good sen- 
sation here, interruption of the median nerve 
may be excluded. For the ulnar nerve, the 
palmar surface of the distal phalanx of the 
little finger is tested for sensation. 

There are several objections to the use of 
these sensory examinations for the median and 
ulnar nerves. For example, after the arm has 
been held in a plaster cast for some time, there 
may be a hypesthesia of the entire hand which 
clears perceptibly after the cast has been re- 
moved. We observed this frequently in cas- 
ualties shipped from the African Theater, 
though it may not be an important factor in 
civilian cases. It must be remembered that 
sensory and motor tests are subjective ex- 
aminations and do not rule out hysterical 
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Fig. 1, right. Corresponding area of the right little 
finger showing absence of sweating following complete 
ulnar paralysis. 


anesthesia or malingering. In children sensa- 
tion as well as motor function is difficult to 
evaluate. 

A simple diagnostic test is desirable, there- 
fore to supplement these procedures and I be- 
lieve that we have this in the direct observa- 
tion of sweating within the autonomous zones 
of peripheral nerves. By this I do not mean 
the complicated, time-consuming Minor’s 
starch iodine method (5), or the better one 
with quinizarin powder devised by Guttmann. 
I mean rather the direct observation of sweat- 
ing under the plus 20 lens of the ophthal- 
moscope, or some other source of light which 
brings out the highly refractile droplets of 
sweat under magnification. (The slit-lamp of 
the ophthalmologist works admirably, but is 
outside of the realm of the practitioner or 
general surgeon.) Sweating is an objective 
and involuntary phenomenon and _ unlike 
movement and sensation, cannot be altered by 
hysteria or malingering. If sweating can be 
demonstrated in the autonomous zones of the 
median and ulnar nerves, there cannot be 
complete interruption of either of them and it 
is most unlikely in recent injuries, at least, 
that surgical exploration is indicated. 

When a peripheral nerve is divided, an area 
in the skin is produced which is totally devoid 
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Fig. 2. Photographs taken of a patient 4 days after excision of a neurofibroma of 
the left median nerve. It was estimated that approximately half of the nerve was left 
anatomically intact. A, Tip of left index finger showing evidence of a few functioning 
sweat glands compared to C the right index finger which is sweating normally. B, 
Identical area of left index finger photographed under same magnification following 
quinizarin sweating test D. Evidence of function of exactly the same sweat glands is 
seen. There cannot be a complete lesion of the median nerve. D, Quinizarin sweat- 
ing test which suggests from photograph a complete lesion of the median nerve. E, 
Quinizarin sweating test on the normal hand. Ten weeks after these photographs 
were taken, there was definite increase in sweating and considerable return of sensa- 


tion. This was evidence that the remaining fibers of the median nerve were 
recovering from their physiological block. There was still no motor return. 


of sensation of all types and sweating as well. 
Surrounding this area is another area of di- 
minished sensation and sweating. The area 
of total loss of sensation and sweating is that 
solely supplied by the divided nerve and was 
referred to by Foerster as the autonomous 
zone of that nerve. The surrounding zone of 
diminished sensation and sweating is normally 
supplied not only by the divided nerve but by 
overlap from other nerves as well. As time 
goes on after section of a peripheral nerve, 
sensation in the zone of overlap increases and 
the autonomous zone may seem to shrink. 
This phenomenon can be confusing to the 


observer and has frequently been mistaken for 
evidence of nerve regeneration. There always 
remains an area, however, of total anesthesia 
for the median and ulnar nerves and Pollock 
and Davis have called it the isolated supply of 
the nerve. The entire distal phalanx of the 
index finger always lies within the isolated 
supply of the median nerve and overlap from 
other nerves can never take place here. In a 
complete section of the ulnar nerve at the 
elbow, if regeneration does not take place, the 
entire little finger will never sweat. With a 
section of the ulnar nerve at the wrist, how- 
ever, the dorsal sensory branch could be 
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Fig. 3. Photographs, at magnification of 13 times, of 
corresponding areas of tip of palmar surfaces of the index 
fingers in 33 year old mechanic. Left median nerve suture 
at the wrist 19 months previously. Sensation is.present, 
though impaired over the entire left index finger and the 
opponens pollicis functions normally. The sweating was 


spared so that sweating and normal sensation 
might still be demonstrated over the dorsum 
of the little finger, though not on the palmar 
surface. 

When sweating occurs in the normal indi- 
vidual, it is in general symmetrical. The ab- 
sence of sweating is only of significance, there- 
fore, if it is unilateral. If sweat particles are 
seen in the autonomous zone of the right ulnar 
nerve, complete division of that nerve cannot 
be present; the absence of sweat here, how- 
ever, is only of importance if there is visible 
sweating in the corresponding area of the left 
hand. In other words, the presence of sweat- 
ing in the distribution of the nerve being tested 
is of more real value as evidence than its 
absence. 

Sweating on the fingers may often be de- 
tected with the naked eye or by palpation. It 
is better to confirm this, however, with the 
plus 20 lens of the ophthalmoscope, the direct 
light of that instrument being used at its max- 
imum intensity. This gives, surprisingly 


enough, a magnification of only approximately 
two times but this is sufficient to demonstrate 
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well seen through the +20 lens of the ophthalmoscope. 
Left, Sweating actively present in isolated supply of left 
median nerve proving regeneration. Right, Right index 
finger showing approximately same amount of sweating. 
The hyperkeratosis of the more used hand stands out on 
the papillary ridges. 


the individual droplets as they appear at the 
mouths of the sweat ducts on the papillary 
ridges. The observation should be made in 
somewhat subdued surrounding light but not 
in total darkness. The droplets appear as 
highly refractile, rounded points of light. One 
may at first mistake sebaceous material for 
sweat. There are no sebaceous glands on the 
palmar surfaces of the hands, but sebaceous 
material commonly appears there from con- 
tact with the face or backs of the hands. The 
sebum is seen through the ophthalmoscope as 
a fine, scale-like, silver substance but with a 
little practice it can be differentiated from 
sweat. Doupe and Sharp, incidentally, have 
shown that the secretion of the sebaceous 
glands is the end product of cellular disruption 
and, in contradistinction to the secretion of 
sweat glands, is not under control of the 
nervous system. 

The sweating test described would be of 
little value in lesions of the radial nerve. Here 
one can sometimes scarcely demonstrate an 
area of analgesia so that the area of anhy- 
drosis would be correspondingly small. If one 
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were not constantly working with peripheral 
nerve lesions this variable area near the base 
of the dorsal surface of the thumb would be 
difficult to remember compared to the palmar 
surface of the tip of the index finger for the 
median nerve and the same surface of the little 
finger for the ulnar nerve. 


SUMMARY 


1. A simple test for peripheral nerve in- 
juries consists of the direct observation of 
sweating, preferably with the plus 20 lens of 
the ophthalmoscope. 

2. If sweating is observed on the palmar 
surface of the distal phalanx of the index and 
little fingers, it is impossible for a complete 
lesion of the median or ulnar nerves to be 
present. 

3. If sweating is absent over these areas 
there is presumptive evidence of a nerve lesion 
only if sweating is present in the correspond- 
ing area of the opposite hand. 


4. The test is an objective one and for this 
reason lends itself to the examination of chil- 
dren, hysterical patients, and malingerers, 

5. The method can be used for the rapid 
detection of early nerve regeneration. 
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“FIBRIN EMBOLISM” (DISSEMINATED INTRAVASCULAR 
COAGULATION) WITH DEFIBRINATION AS ONE OF 
THE END RESULTS DURING PLACENTA ABRUPTIO 


CHARLES L. SCHNEIDER, Ph.D., M.D., Detroit, Michigan 


N this report, observations on blood 
coagulation from selected cases of pla- 
centa abruptio indicate that widespread 
fibrin deposition may occur within the 

circulation. The associated clinical and patho- 
logic findings are similar to some of the 
characteristic responses that may be induced 
in experimental animals by causing intra- 
vascular coagulation (5, 7, 8, 9, 11). That 
disseminated intravascular fibrin coagulation 
may be a process with peculiarities of its own 
and may lead to diverse, but characteristic, 
disorders has been only recently considered 
(9, 11). 

For reasons which will appear presently, the 
underlying process may be termed “fibrin 
embolism.” This process of fibrin embolism 
probably occurs in minute increments; it is 
not to be confused with other kinds of em- 
bolism, one of which (amniotic embolism) has 
been so admirably described and differentiated 
by Steiner and Lushbaugh from several of the 
more familiar embolic entities. Nor is fibrin 
embolism to be confused with the “white 
head” of the ordinary thrombus, a process 
which begins as a local agglutination of plate- 
lets. Neither is fibrin embolism to be con- 
fused with simple clotting of whole blood as in 
the localized “red tail” of a thrombus. The 
distinctive peculiarity of fibrin embolism is 
the selective deposition of elements of fibrin 
culminating in massive deposition of fibrin 
intravascularly. This occurs chiefly in the 
arterial circulation and may be seen par- 
ticularly in the pulmonary arterial supply. 
One prompt end result may be occlusion of 
vital arterial vasculature (9, 11). 
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In those few pregnant women in whom this 
accidental disorder occurs, but who survive or 
escape serious consequences of the fibrin 
deposition itself, the resultant depletion of 
fibrinogen (fibrinopenia) sometimes becomes 
sufficiently extensive to be of further patho- 
logical significance. Insufficient fibrinogen 
may remain for the formation of a clot, and 
this may be needed for hemostasis, particu- 
larly at parturition. This presents a sharp 
turn of events. Suddenly, in the course of the 
same causative process, hemorrhage rather 
then intravascular coagulation may be the 
chief danger. 

This coagulation within the vasculature, 
like the more familiar and physiological co- 
agulation outside the circulation, is probably 
initiated by thromboplastin (7, 9, 11). The 
understanding of the peculiar phenomena 
associated with intravascular fibrin deposition 
has, in large measure, awaited the re-evalua- 
tion of the biochemistry of fibrin coagulation 
(10). In a diagram by Seegers (10) the follow- 
ing is given: 

Prothrombin 
Calcium ions 
Accelerator globulin 


Platelet derivatives 
| Other factors 


Thromboplastin 





1 Inhibitors 
Thrombin 


aaits 
> 


Fibrin 

Seegers points out that it is because of the 
origin of thromboplastin from outside the 
circulation, because of a compartmentaliza- 
tion of the accelerators of coagulation, that 
thromboplastin is ordinarily the initiator of 
coagulation. In the above scheme, thrombo- 
plastin is of fisswe origin. Together with the 
plasma factors (calcium, accelerator globulin, 
and platelet derivatives) the thromboplastin 
activates prothrombin to thrombin. The 





Fibrinogen 





Figs. 1 and 2. Photomicrographs from sections of the 
lungs of a woman who died 5 days after placenta abruptio 
(Case 1). Fibrin deposits were difficult to find although 
clinical evidence indicated that these may have been wide- 
spread shortly after the acute accident. 

Fig. 1. Fibrin deposit in small pulmonary artery, prob- 
ably of agonal origin; this consists mostly of erythrocytes 
and the fibrin component is not prominent. 


thrombin then causes conversion of fibrinogen 
to fibrin. 

If thromboplastin from the tissues gets into 
the circulation, some degree of intravascular 
coagulation, with its implied consequences, 
may ensue. Placenta abruptio provides one 
mechanism for the entry of thromboplastin 
from one of the tissues of the conceptus, the 
decidua, one of the richest sources of thrombo- 
plastin, into the maternal circulation (7,9, 11). 


SUMMARIES OF CASE HISTORIES 
CasE 1. V.S. (W.H. C-91308), a 20 year old 
colored woman, developed severe pre-eclampsia 


TABLE I.—CONCENTRATIONS OF FIBRINOGEN 
AND OF PROTHROMBIN IN THE PLASMA OF A 
WOMAN AFTER PLACENTA ABRUPTIO, CASE I 


























No. hours No. days 

Time after placenta aie 

abruptio 

8 3 5 

Blood transfusions, 1500 3500 

c.c., totals 
Prothrombin, units 

per c.c. of plasma 188 302 308 
Fibrinogen, grams per 

cent of plasma O.II 0.39 0.42 





Normal fibrinogen levels (Dieckmann, 4; Dam, Larsen, and Plum) are: 


nonpregnant, 0.26 (0.18-0.35) gm. per cent; normal pregnancy at 
term, 0.48 (0.3-0.7); pre-eclampsia, 0.51 ( .30-0.90); eclampsia, 0.66 
(0.46-0.95). . . 

Normal, nonpregnant, plasma prothrombin values are approximately 
300 units per c.c. (13); with a profoundly altered coagulation system, as 
in this case, prothrombin determinations can be relied upon only if 
measured by the modified two stage assay (13). 
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during the seventh month of her second pregnancy, 
She had a severe headache, generalized edema, a 
blood pressure of 142/100, a 3 plus albuminuria, and 
8.4 grams per cent hemoglobin. Her blood uric acid 
was 5 milligrams per cent, and her highest urea 
clearance was 51. 

Induction of labor was not successful, either by 
rupture of membranes, or by insertion of a Voorhees 
bag. Placenta abruptio supervened. Thirty-six 
hours after admission her abdomen became tensr. 
At 41 hours there was vaginal discharge of an esti- 
mated 200 cubic centimeters of fluid “‘blood.” Three 
hours later with the patient in a state of profound 
“‘obstetrical shock,’’ cesarean section was performed 
under local anesthesia. There were scattered ex- 
travasations of blood beneath the serosa of the 
uterus. The premature infant was stillborn. The 
placenta was found to be completely separated. 
The retroplacental blood clot was estimated at 400 
cubic centimeters, the total blood loss at 1,200 cubic 
centimeters. A total of 1,500 cubic centimeters of 
blood had been given before a sample of citrated 
blood was obtained for purposes of the present in- 
vestigation; the plasma separated from this sample 
was of a red color, presumably from hemolysis 
within the circulation. 

The fibrinogen level, in this first sample, 8 hours 
after the placenta abruptio, was 0.11 gram per cent 
(Table I); this corresponds to a residual of only 
0.06 gram in her own blood before transfusion 
(Table IV). The data of Table I also show that the 
patient’s fibrinogen was restored within 3 days or 
less, and the calculations summarized in Table V 
indicate that at least half of this was restored by her 
own liver. 

Her course was unfavorable. Despite transfusions 
(Table I) her hemoglobin was continuously low, 8 to 
10 grams per cent. Her hypertension returned 
almost as soon as she recovered from her “obstetrical 
shock.” There was marked oliguria 1 day after the 
placental accident; dyspnea and pulmonary edema 
at 3 days; electrocardiographic changes indicating 
‘a definite degree of myocardial damage,”’ eclamptic 
convulsions at 3% days; and diffuse, x-ray densities 
of large and small size throughout the lung fields at 4 
days. On the fifth day after her placenta abruptio, 
2 days after her postpartum eclampsia, she became 
delirious and died. 

At autopsy there was massive congestive, pul- 
monary edema; there was hepatomegaly but without 
subcapsular hemorrhages and without microscopic 
evidence of necrosis. Changes in the kidneys led to 
a pathologic diagnosis of “lower nephron nephrosis.” 
There were two blocks of lung; multiple sections 
from these were searched for the cause of the pul- 
monary edema; Dr. Paul E. Steiner of Chicago 
confirmed that there was no cellular or other embolic 
debris. One remnant of an intravascular fibrin 
deposit was found (compare Fig. 2 with Fig. 1). 

CasE 2. P.M. (HKH 105006), a 24 year old 
colored woman, was admitted in the thirty-second 
week of her fourth pregnancy. For the previous 2 
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hours, continuous uterine pain had complicated a 
mild labor of 9 hours’ duration. Her blood pressure 
was 98/64 on admission. Vaginal bleeding, which 
had already ceased, was estimated at 100 cubic 
centimeters. For purposes of the present study, a 
blood sample was collected 2 hours after admission 
and before transfusions had been started. The plas- 
ma of this sample, but not of samples that were 
taken on successive days, was pink, presumably from 
hemolysis. 

The cervix was not favorable for delivery. Within 
7 hours after the onset of her symptoms of placenta 
abruptio, her uterus had become larger and was of a 
“board-like” hardness, and upon vaginal examina- 
tion an estimated 800 cubic centimeters of non- 
clotting ‘“‘blood” escaped. Within 9 hours cesarean 
section was performed. There were scattered 
subserosal hemorrhages over much of the uterus, 
and a hematoma within the left broad ligament. 
The nonmacerated, stillborn infant weighed 2,600 
grams and there was complete placental separation. 
There was a large retroplacental clot, within a pool 
of nonclotting “‘blood,” estimated by the operator 
at 1,500 cubic centimeters. The total blood loss, 
including all before and after admission, was 
estimated at 2,600 cubic centimeters. A tendency 
for prolonged bleeding from the uterine and ab- 
dominal incision at the close of surgery led the op- 
erator to question whether there may have been 
some degree of “hemorrhagic diathesis of preg- 
nancy.” 

The patient enjoyed an essentially normal post- 
partum course, except that on the sixth and seventh 
days after operation, there was some degree of 
mental disorientation; during the night she awoke 
her ward-mates with startled cries; during the 
mornings she picked at the air with her hands, while 
staring with a fixed gaze. The urine was always 
normal and the output adequate. The hematocrit 
was 0.23 on the first and third days after the 
abruptio and 0.29 on the fourth. The icterus index 
during the progress of her uteroplacental accident 
was 9.7; and her highest blood nonprotein nitrogen 
was 25 milligrams per cent. There was no marked 
development of edema and there were no visual 
complaints. No abnormalities or inequalities of 
tendon or plantor reflexes developed. Her condition 
cleared spontaneously. Meanwhile, as shown in 
Table II, she had restored her fibrinogen levels. 

Six months postpartum her blood pressure and 
her urine were normal; roentgenograms did not re- 
veal calcium deposition within the cortex of the 
kidneys. 

CaAsE 3. L.C. (HKH 106440), a 30 year old, 
colored, nonclinic patient, was admitted during the 
last trimester of her seventh pregnancy (3 abortions) 
with intense, continuous uterine pain of 3 hours’ 
duration, and with vaginal bleeding estimated at 
300 cubic centimeters, complicating a mild labor 
which had begun 7 hours before. Over the course of 
the next few hours, there was some relaxation 
between uterine contractions, but there was no dila- 
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Fig. 2. Fibrin deposit in a smaller artery. If this repre- 
sents a fibrin deposit from the time of the uteroplacental 
accident, it no longer retains its form and the orientation 
of its strands in relation to the axis of the vessel has been 


largely lost during the 5 days between its formation and the 
patient’s death. 


tation of the cervix. At that time, crossmatching 
of her blood for transfusion was not possible because 
her serum agglutinated all types of blood in the bank. 
A second specimen collected 5 hours later was suc- 
cessfully crossmatched as a type O Rh positive. The 
vaginal bleeding continued; despite intravenous 
fluids, her blood pressure tended to drop to shock 
levels and transfusion of blood was begun 5 hours 
after admission. Meanwhile, 2 hours after admis- 
sion, there had been a brief episode of bubbling rales 
heard low in the right chest anteriorly. Within a few 
moments there was a transitory episode of hemopty- 
sis. 

Because of progressive ‘‘shock” which was out of 
proportion to the blood loss, cesarean section of the 
low cervical type was performed 9 hours after ad- 
mission. The fetal heart sounds had disappeared 
shortly before surgery. There were a few small 
subserosal hemorrhages of the uterus. The fetal 
membranes were intact. There was much meconium 
in the amniotic fluid, and the 1,730 gram fetus was 
stillborn. The placenta was completely separated, 
and there was a large retroplacental clot. Bleeding 
from within the uterus had ceased. By contrast, 
bleeding from the incision in the uterus and from the 


TABLE II.—CONCENTRATION OF FIBRINOGEN 
IN THE PLASMA OF A WOMAN DURING AND 
AFTER PLACENTA ABRUPTIO, CASE 2 




















No. hours No. days 

Time after placenta 

abruptio 

4 3 4 8 

Blood transfusions, ° 4600 

c.c., totals 
Figrinogen, grams per 

cent of plasma 0.09 0.44 0.52 O54 
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Figs. 3 to 6. Disseminated “fibrin embolism” in the 
lungs of a woman who died a few hours after placenta 
abruptio. Photographs (by permission) from tissue sec- 
tions from a case reported by Bartholomew and associates. 

Fig. 3. Dense acute fibrin deposit distending a small 
pulmonary artery. Longitudinal section. Compare with 
“fibrin embolism” caused in experimental animals by in- 
jection of thromboplastin intravascularly. 


reflected bladder flap was profuse. Each new 
needle wound and each placement of a new suture 
resulted in further bleeding. Application of hot 
packs was of no avail. Because of continued, 
hemorrhage, hysterectomy was performed; then 
similar difficulties of bleeding about the cervical 
stump of the uterus were encountered. At this time, 
the patient also began to bleed from the cumulative 
vena puncture wounds. By this time, the laboratory 
had reported that the patient’s plasma gave only a 
tenuous, fragmenting clot, and that the fibrinogen 
content of her blood was “‘too low te read”; this 
corresponds approximately to 0.06 gram per cent 
Table ITI). 

With this knowledge that the plasma fibrinogen 
had been depleted, additional blood and plasma 
were administered as a therapeutic measure not only 
to support the circulation but, more importantly, to 
restore the coagulation mechanism (Table III). For 


TABLE IlI.—CONCENTRATION OF FIBRINOGEN 


Fig. 4. High magnification of same fibrin deposit as in 
Figure 3. The predominance of fibrin and the paucity of 
erythrocytes are readily seen. The fibrin strands are ori- 
ented longitudinally in the same axis as the vessel. The 
nuclei of a few of the leucocytes are also somewhat dis- 
tended in the longitudinal axis of the vessel. 


rapid administration much of the blood was forced 
in under pressure. The additional amounts were 
2,000 cubic centimeters of blood and 500 cubic 
centimeters of plasma. Administration of calcium 
gluconate, to balance the citrate anticoagulant in 
this bank blood and plasma, proved not to be 
necessary. The patient’s hemorrhagic tendency 
gradually decreased. With the bleeding stopped, the 
surgery was completed successfully. 

Marked oliguria occurred during the 12 hours in 
which the placenta abruptio progressed to comple- 
tion and during the 18 hours after surgery. The 
urinary output then became adequate; after the 
fourth postoperative day, it became profuse (3,600 
to 4,100 cubic centimeters) and was accompanied 
by a marked thirst. There was a 1 plus albuminuria 
on the fourth postoperative day only; red cells were 
reported in the urine on the day of admission and 
upon the third postoperative day. The blood uric 
acid level rose from 4.4 milligrams per cent after 
surgery to 5.3 on the fourth postoperative day. Her 


AND OF PROTHROMBIN IN THE PLASMA OF 


A WOMAN DURING AND AFTER PLACENTA ABRUPTIO, CASE 3 


















































No. hours No. days 
Time after placenta abruptio en - —" 
4 5 8 36 2 3 4 5 7 | II 
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Fig. 5. Strands of fibrin as seen stretching longitudinally 
between two denser portions of fibrin deposit in a small 
pulmonary vessel. 


blood nonprotein nitrogen remained at 22 to 26 
milligrams per cent. Her highest blood pressure 
was 120/80. No neurological symptoms or signs 
developed. She was lucid and alert from the 
time of recovery from her postoperative sedation, 
onward. 

The blood loss was estimated at 2,900 cubic 
centimeters. The replacement totalled 3,250 cubic 
centimeters of blood plus 500 cubic centimeters of 
plasma. Despite this presumably more than ade- 
quate replacement, the hematocrit which, it must be 
added, was already low upon admission (0.22) fell 
to 0.18 on the second day after operation. With 2 
additional transfusions given during the third and 
fourth postoperative days, her hematocrit increased 
to 0.26 and there was further spontaneous increase 
to 0.32 nine days after operation. Of the blood 
specimens collected, the 3 obtained during the course 
of the placenta abruptio showed hemolysis as indi- 
cated by an orange-pink color of the separated 
plasma. Plasma collected at later intervals was of a 
normal, pale straw color. 

Upon retesting (1 day later) of stored, frozen 
samples of citrated plasma that had been collected 
at the same times as the (oxalated) samples above, 
clotting could not be induced at all; upon addition of 
thrombin to the recalcified mixture, even with three 
times the usual concentration of the plasma, no clot 
formed. Thus the results were as though there had 
been in vitro fibrinolysis. That fibrinolysis had been 
initiated in vivo during the time of the placenta 
abruptio was indicated by the disappearance, within 
2 hours, of the clot in a sample of blood drawn for 
typing and crossmatching. 

More than the fibrinogen had been affected. The 
circulating prothrombin was markedly depleted 
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Fig. 6. Cross section of a fibrin deposit in a small pul- 
monary artery. There is no lamination; at higher mag- 
nification the individual strands of fibrin can be seen in this 
cross section. Only the central core contains clotted blood; 
the bulk of this vascular plug is made up of a “coagulated 
protein,” i.e., coagulated fibrinogen. Several arterioles are 
occluded also, as can be seen in the section. The veins are 
not involved. 


(Table III) although this alone was not extensive 
enough significantly to affect the coagulation mech- 
anism. 

Upon the first postoperative day, the restoration 
of the circulating fibrinogen was not yet complete, 
0.26 and 0.31 gram per cent (Table III) and much 
of this was doubtless derived from the transfusions 
(Tables IV and V). Complete restoration to the 
usual puerperal levels was not achieved until the 
second day (Table ITI). 

This patient’s postoperative course was unevent- 
ful. She was never hypertensive and her urine was 
normal. At 5 months her blood pressure was still 
120/80; roentgenograms did not reveal calcium 
deposition in the cortex of the kidneys. 


Three selected cases of placenta abruptio 
(complete, premature, separation of the nor- 
mally implanted placenta) were studied be- 
cause of concurrent fibrinopenia. The fact 
that in each case the cervix was unfavorable 
for delivery was demonstrated not only by 
vaginal examination but by the subsequent 
course of events, and in each case cesarean 
section was undertaken as an emergency 
measure because of “obstetrical shock” which 
seemed to be out of proportion to the hem- 
orrhage. In each case the placental separation 





32 SURGERY, GYNECOLOGY AND OBSTETRICS 


TABLE IV.—ESTIMATED MINIMAL FIBRINOGEN LEVELS (GRAMS PER CENT OF PLASMA) 








BEFORE BLOOD TRANSFUSIONS IN CERTAIN CASES OF PLACENTA ABRUPTIO* 
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. Total transfusions Total transfusions Lowest fibrino; 
~ 5 treet) Mana gen 
Case number Estimated total blood loss within 12 hours within 1 to 3 days concentration 
C.c. Cc. grams per cent 
I 1500 2500 3500 0 06 
——.. 
2 2600 4100 5600 0.09 
3 2900 3250 3250 0.06 
4 Dieckmann (3, 4) over 2200 2300 2300 0.06 
5 Dam, et al. Some 450 | 450° 0.12 
6 Dam, et al. Marked 1100 | 2350 0 06 














*In Case 1 it was necessary to make deductions for fibrinogen added by transfusion. 


had proceeded to completion during a period 
of observation of several hours’ duration. 

It is pertinent that each of these patients 
must have had adequate circulating fibrinogen 
initially, else her retroplacental clot could not 
have formed; also each must have formed 
fibrinogen quickly again because in each case 
the fibrinogen was soon restored far beyond 
the level supplied by the transfusions (Table 
V). Thus, each patient appears to have 
proceeded to severe fibrinopenia, acutely. 

In the first case there was some indirect 
evidence that this was actually a defibrination 
resulting from intravascular fibrin coagula- 
tion. In the third and most extreme case, the 
patient narrowly escaped death from the 
secondary disorder “hemorrhagic diathesis of 
pregnancy”; this bleeding tendency became 
manifest only when the defect of the coagula- 
tion mechanism (fibrinopenia) became im- 
portant because of surgery. 


DISCUSSION 


By comparison with the apparent sequence 
of events in experimental animals, it may be 
postulated that in these patients there was 
first intravascular coagulation and that when 
this became sufficiently extensive enough 
fibrinogen may have been used up to result in 
defibrination. This second, or fibrinopenia 
stage, of the continuous process is adequately 
demonstrated by each of the cases; however, 
the first, or coagulative phase of the process, 
remains to be demonstrated. The following 
case report does demonstrate this coagulative 
phase: 

In a case of severe pre-eclampsia of Bar- 
tholomew, Colvin, Grimes, and Fish, there 


was a Clinical diagnosis of placenta abruptio 
and the patient died in a state of shock some 
hours later. The pathologist reported “fibrin 
thrombi.”” Professor Bartholomew has pro- 
vided a set of slides and granted permission to 
publish photographs of these (Figs. 3 to 6). 
The fibrin deposits are disseminated through- 
out various organs; these are best seen in the 
lungs. One of the more massive of these, ina 
small artery, is shown in low power magnifica- 
tion in Figure 3 and at higher magnification 
in Figure 4. Not only can it be seen that the 
fibrin makes up the chief component of the 
arterial occlusion and that there is a uniform 
paucity of erythrocytes, but because the 
fibrin deposit is fortunately cut in longitudinal 
section it can be seen in addition that the 
fibrin strands are arranged parallel to the 
vessel wall and that many of the nuclei of the 
numerous entrapped leucocytes are somewhat 
distorted longitudinally as though laid down 
under tension. This fibrin deposit bears an 
unusually close resemblance to those which 
can be seen in longitudinal section in animals 
that have died of thrombin injection (5) or of 
thromboplastin injection (7, 8, 9, 11) or ina 
pregnant rabbit that has died of intravascular 
coagulation following trauma to its placentas 
(8). This case, in particular, fulfills the sug- 
gestion made elsewhere that this peculiar kind 
of intravascular coagulation might be found, 
if searched for, in certain patients who die 
suddenly in late pregnancy (9). Such ex- 
tensive intravascular coagulation as seen in 
Figures 3 to 6 may well be the underlying 
cause of early death in cases of placenta 
abruptio or of eclampsia (9). The scarcity of 
such cases as this one of Bartholomew and the 
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“FIBRIN EMBOLISM” WITH DEFIBRINATION 


TABLE V.—RESTORATION OF FIBRINOGEN FOLLOWING DEFIBRINATION IN CASES OF 


PLACENTA ABRUPTIO 



































Final es circulating —_ ‘ 
rinogen from: Final observe Fibri ? 
. : ibrinogen syn- Percentage 
Case number Fogel fp = fibr a to3 thesized by liver | restored by liver 
é Residual Transfusion gm. per cent gm. per cent Sm per cene 

gm. per cent gm. per cent 

1 0.05 0.15 0.20 0.42 0.22 52 
0.04 0.18 0.22 0.52 0.30 58 

a 0.04 0.14 0.18 0.43 ° 0.25 58 
Pa. 
4 Dieckmann (3, 4) 0.04 0.10 0.14 0.44 0.30 68 
5 Dam, et al. 0.12 | 0.02 0.14 0.32 | 0.18 56 
6 Dam, et al. 0.06 0.10 0.16 0.37 0.21 | 57 














It was assumed that the blood volume, after hemorrhage, 
was again restored to a total blood volume of 6,000 c.c. 
either by blood transfusion, or by the body’s own mechan- 
ism. Hence, e.g., if there were a 1,500 c.c. blood loss and 
the observed fibrinogen concentration soon thereafter was 
0.12 gm. per cent, upon dilution of the remaining 4,500 c.c. 
of blood to 6,000 c.c., the residual fibrinogen concentration 
would be 0.09 gm. per cent. In Cases 5 and 6 wherein the 
blood loss was not estimated in cubic centimeters, the 
figures given by the authors (2), were used without cor- 
rection; neither was the value in Case 6 corrected for the 
1,100 c.c. of transfused blood that was given before the 
initial blood sample was taken. The contribution of fibrino- 


relative ease of demonstrating fibrinopenia 
(Cases 1, 2, 3) have tended to obscure the fact 
that the underlying mechanism may be fibrin 
coagulation. 

Dieckmann (4, p. 364) has concluded that 
in such cases of placenta abruptio ‘“‘the con- 
tinued hemorrhage was due to a lack of blood 
fibrinogen” a conclusion which the present 
data support and extend. From the present 
work, it may be added that the presumptive 
cause of this form of “hemorrhagic diathesis 
of pregnancy”’ is active defibrination, that the 
defibrination is the result of intravascular 
coagulation. 

Therapy or prophylaxis. A word of caution 
isin order. If, as it appears in the foregoing, 
the underlying pathologic process is a pro- 
gressive one, beginning with intravascular 
coagulation and proceeding essentially to de- 
fibrination, it follows that the appropriate 
treatment might be quite the opposite during 
the two phases of this continuous process. 
During the coagulative phase, the use of 
anticoagulants may conceivably be appro- 
priate to prevent or reduce the complications 
that might be anticipated to result from dis- 
seminated fibrin deposition (7). If this were 





gen added by the transfusions was similarly calculated. 
The “total passive fibrinogen,” then, was the sum of these 
two. The “observed fit cinogen” was the actual concentra- 
tion as determined by the laboratory. The fibrinogen 
“synthesized by the liver” was the difference between these. 
It was then calculated what portion this was of the whole, 
on a percentage basis. The errors in the above assump- 
tions are such that these calculated percentages represent 
the minimal proportion that could be attributed to spon- 
taneous production of fibrinogen; the actual synthesis may 
have been somewhat more extensive for there may well 
have been further using-up or lysis of fibrinogen during the 
intervals under consideration. 


to be attempted, due precautions should be 
taken both as regards mother (7) and fetus 
(7, 9). 

By contrast, if the patient were to be first 
seen after the coagulative process had gone 
essentially to completion, the desirable treat- 
ment might be the restoration of the depleted 
coagulation system. One method of accom- 
plishing this might be the rapid transfusion of 
blood, as was carried out in Case 3, with 
evident life saving value. This restores not 
only fibrinogen and prothrombin but other 
agents of coagulation as well. If rapid and 
extensive transfusion of citrated bank blood 
were to be carried out to achieve this purpose, 
it is well both to keep in mind the acid-base 
balance of the body and to be prepared to 
carry out the appropriate countermeasures if 
signs or symptoms of hypocalcemia should 
develop. 

Preferably, measures might be sought that 
would prevent or reduce the progress of the 
placenta abruptio, the accident which appears 
to provide a mechanism for release of the 
chemical mediator of the coagulation into the 
maternal circulation (9). In this respect it 


would seem desirable to prevent labor. 


34 SURGERY, GYNECOLOGY AND OBSTETRICS 


SUMMARY 


A pathologic process, fibrin embolism, has 
been described. It occurs in late human 
pregnancy, particularly in placenta abruptio. 
This underlying process appears to be the 
pathologic basis of several disorders of late 
pregnancy, including some cases of ‘‘obstetri- 
cal shock,” of pulmonary edema, cardiac 
failure, “hemorrhagic diathesis of pregnancy,” 
and “eclampsia.” 

Fibrin embolism is the result of intravascu- 
lar coagulation. The coagulation is presumed 
to proceed along the usual chemical lines of 
fibrin formation from fibrinogen, under the 
influence of thrombin. The ultimate causative 
agent, or chemical mediator, is believed to be 
thromboplastin, the initiator of the activation 
of prothrombin to thrombin. 

This process of fibrin embolism and its 
result, disseminated fibrin deposition, if ex- 
tensive, may cause occlusion of arterial cir- 
culation. The pulmonary arterial circulation 
is the most profoundly affected but other 
organs do not escape. The fibrin occlusions 
are microscopic. They are not to be confused 
with various kinds of emboli or with thrombi 
that are already known, but constitute a 
characteristic pathologic entity. In the severe 
form of this pathologic process, fibrin deposi- 
tion may be not only extensive and dissem- 
inated but may occlude vital circulation. 

Should the patient survive the fibrin deposi- 
tion, the resultant defibrination of the cir- 
culation and hence, failure of coagulation, 
may become equally vital (at parturition) 
because of its interference with the hemostatic 
mechanism. Thus, either of two extreme con- 
ditions, fibrin coagulation or subsequently 
failure of fibrin coagulation, as a result of 
different phases of the same continuous proc- 
ess, may place a mother in grave danger. 


A patient whose circulating fibrinogen be- 
came so depleted that the laboratory was 
unable to measure it was hemorrhaging be- 
yond control during a Porro cesarean section. 
The hemorrhage was controlled by restoration 
of the coagulation mechanism. She quickly 
recovered. 
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AN EXPERIMENTAL STUDY OF THE EFFECT OF 
HEPARIN ON SURVIVAL TIME FOLLOWING 
LETHAL BURNS 


PARKER D. ELROD, M.D., ROBERT S. McCLEERY, M.D., F.A.C.S., and 
CON O. T. BALL, Nashville, Tennessee 


PREVIOUS study (22) of the effect of 
heparin on the local pathology of 
burns indicated that the reparative 
processes were more efficient and 

healing time was shortened by the addition of 
this therapeutic agent. Parsons and associates 
have stated that, in experimental burns, hepa- 
rinization apparently delays the onset of dry 
gangrene and diminishes the amount of tissue 
lost. It is of great importance to determine 
whether the drug, when exhibited in the pres- 
ence of a massive burn, may affect adversely 
the survival of the organism, before recom- 
mendation of its therapeutic use. It seemed 
logical to assume that heparin might actually 
favor recovery from a severe burn by virtue 
of its known and theoretically potential effects 
on (a) preventing thrombosis in areas of sludge 
formation; (b) reducing blood viscosity, with 
improved vascular circulation of the tissues; 
(c) improving lymphatic drainage from the 
burned area; and (d) altering the adverse bio- 
logical activity of possible toxic proteins 
formed in the burned tissues. 

Brooks and associates and Bigelow and 
associates have shown that red blood cells, 
passing through or near, burned or trauma- 
tized tissues, agglutinate into small, hard 
masses. These masses pour into the general 
circulation and resist passage through all per- 
ipheral vascular beds, causing endothelial an- 
oxia. The postcapillary venules begin to leak 
and progressive hemoconcentration and plug- 
ging of vessels occurs. These changes have 
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been seen to occur in the bulbar conjunctiva 
of a severely burned patient (6). Knisley and 
associates point out that sludging causes gen- 
eral tissue damage by (a) reducing the rate of 
blood flow and oxygenation of tissue; (b) pro- 
ducing severe anemia as a result of ingestion 
of red cells by the phagocytes of the liver and 
spleen; and (c) initiating multiple venous 
thrombi and emboli. Martin and associates 
observed sludging in the smaller vessels of the 
mesentery of dogs, distal to an occlusion. They 
studied the effect of heparin on the sludge 
formation. When heparin was administered 
in doses known to be clinically effective, the 
formation of sludge was not prevented but 
thrombosis did not occur. 

An increase in the viscosity of blood tends 
to decrease circulatory efficiency. Copley and 
associates have shown that heparin in increas- 
ing amounts decreases the viscosity of blood. 
Heparin given intravenously to humans, 1 
milligram per kilogram, has reduced the blood 
viscosity from 7.1 to 5.8, 20 minutes after 
administration. With larger amounts of 
heparin, a drop from 6.8 to 3.8 has been ob- 
served (21). 

Cope and associates point out that the pro- 
teins and fluids are in continuous, slow circu- 
lation through the burn wound and return to 
the blood stream via the lymphatics. The free 
flow of lymph apparently accounts for the 
rapid absorption of edema in uninfected burns 
after the first 48 hours. Glenn and associates 
(12, 13) have cannulated lymphatics proximal 
to burns and reported an increase in flow im- 
mediately after a burn. This process decreases 
as coagulation occurs in the burned region and 
extends into the lymphatics. They showed, in 
the burned paw of dogs, that edema was (a) 
greatest, if the lymphatics were blocked de- 
liberately; (b) intermediate, if they were left 
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alone; (c) least, if the animals were given 
heparin, 

There is evidence for (30-33, 38) and against 
(5, 15, 36, 39) the formation of toxic sub- 
stances in burned tissues. Perlman and asso 
ciates, by electrophoretic study, found a pro- 
tein in the lymph from burned areas, which 
had not been recognized previously. It ap 
peared in the area of globulin mobility. By a 
study of the Tiselius patterns of lymph and 
serum of experimental animals, they concluded 
that the substance was a protein released from 
damaged cells. Corcoran and Page, Bywaters 
and associates, and Simeone and associates 
have found breakdown products of trauma 
tized tissues in the urine which have been 
identified as various protein substances, such 
as myoglobin. Should a toxic protein be 
formed in burned tissue, there is ample evi 
dence to indicate that heparin might be cap- 
able of altering its pathological effects (8, 16, 
17, 19, 23, 37). Large doses of heparin have 
been demonstrated to have a definite detoxi- 
fying effect on digitalis, cobra venom, and 
Congo red (24). 

Alrich has stated that the administration of 
heparin may be harmful, since he observed an 
apparent increase in mortality in animals sub- 
jected to moderately severe burns. The results 
of the experiments described herein lead to an 
opposite conclusion. 


METHOD 


An effort was made to obtain a standard 
burn of such magnitude that the control ani- 
mals would survive an average of between 1 
and 3 days. Such a burn would allow time for 
any beneticial or deleterious effects of heparin 
to become apparent. It would not allow such 
factors as infection and prolonged malnutri- 
tion to play a part in survival. Seventy-five 
dogs were burned in this experiment. Mongrel 
animals were used and they were kept in cages 
3 to 5 days prior to burning, so they could 
become accommodated to the cage and make 
adjustments in eating and drinking. This pre- 
liminary step also allowed time to observe the 
animal and to obtain base line condition and 
studies. 

A. Production of burn and its local treatment. 
The trunk was shaved and the animal placed 





under light sodium pentobarbital anesthesia, 
The criteria for adequate anesthesia were reg- 
ular respirations of normal frequency, regular 
heart beat—deep enough so that there was no 
spontaneous motion, yet light enough that the 
animal still had a corneal reflex and pinching 
caused slight movement. 

They were burned by immersion in water at 
100 degrees centigrade for to seconds. This 
has been shown always to produce a deep third 
degree burn (22, 26). All animals were dressed 
with vaseline gauze plus a pressure dressing, 
protected by a plaster jacket. They were al- 
most awake after the completion of the dress- 
ing. This dressing allowed the animal to get 
up and about and helped minimize dependent 
edema. 

B, Computation of area burned, The body 
surface area of the experimental animals was 
calculated according to the formula of SA = 
KxW-. SA is the surface area in square cen- 
timeters. AK is a constant 10, and W is the 
weight of the animal in grams. This is an 
acceptable formula for calculating the surface 
area in dogs (2, 3). The burned surface of the 
animals covered the trunk with the exception 
of the anus and genitalia. A part of the dorsal 
aspect of the neck and the upper aspect of the 
four legs were also burned. The burned sur- 
face of the animals was measured immedi- 
ately after death, by cutting a cellophane 
pattern of the area. This was measured witha 
planimeter. 

C. Grouping of animals. Group I. These 
were used as controls and the burns admin- 
istered under the conditions described. 

Group II. Similar to group I, except the 
animals were given intravenous heparin im- 
mediately before the burn and its effect was 
continued, by heparin in a retarding men- 
struum, until the time of death. 

Group IIL. Similar to group II, except that 
a delay of 2 hours was permitted after the 
burn before continuous heparinization was 
begun. 

The heparin was given to group IL imme- 
diately before the burn to determine if the 
heparin could be given so early that ill effects 
would be obtained. In group III an attempt 
was made to see if a reasonable delay would 
change the results. 
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McCarthy determined that a burn admin- 
istered to rats, by immersion of 35 per cent of 
the surface area in water at go degrees centi- 
grade for 15 seconds, would kill all within 48 
hours. With this as a guide, some dogs were 
burned approximately 35 per cent. It was 
found that under these conditions some would 
live as long as 2 weeks. Such long survival 
brought into play many previously mentioned 
undesirable and uncontrollable factors, and 
therefore, the extent of the burn was increased. 
This was also true of burns up to 39 per cent. 
However, all animals burned more thap 39 per 
cent of their surface area lived for a maximum 
of approximately 3 days. At this time 45 ani- 
mals had been burned, including 6 above the 
39 per cent level. Additional control animals 
along with the heparinized animals were then 
burned, alternately and concurrently, in the 
range of 39 to 52 per cent. The experiment 
was continued until there were 16 controls in 
Group I, 10 heparinized immediately in Group 
Il, and 10 heparinized with a 2 hour delay in 
Group III. 

D. Control of the heparin therapy. The hepa- 
rinization was carried out by giving intra- 
venous sodium heparin, 0.5 milligram per 
kilogram of body weight. At the same time 
10 milligrams per kilogram of heparin in a 
retarding menstruum were given subcutane- 
ously (22). The animals were followed with 
periodic clotting times done by the three tube 
Lee-White method. An effort was made to 
keep the clotting time above 30 minutes. 
Normal clotting time in these animals was 
from 10 to 20 minutes. The effect of heparin 
in a retarding menstruum was found to last 
for a period of 18 to 24 hours. The dose was 
repeated as necessary until the death of the 
animal. 

Measurement of intake and output. The 
dogs were offered food and water until taken 
from the cage and anesthetized. Early in the 
experiment it was noted that after the burn 
some animals would drink water if offered and 
others would not. In all 36 dogs, of the final 
experimental groups, water was withheld for 
the first 24 hours after burning, and then given 
orally. Food was withheld for 48 hours. Vol- 
ume of intake of water and output of urine was 
determined daily. 
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TABLE I.—MEAN PREBURN VALUES AND 
PERCENTAGE OF SURFACE AREA BURNED 





Mean 
Group — | 

Bs Weieht| NPN |Hemo-|Hema-| Total log S.A 
gm. ee tocrit | Protein | burned 
Control 16 9:3 t | I | 42 5.5 | 43.1 

Total receiving | | | 
heparin 20 6.8 F 32.5 | 14.0 | 13 9 | | 43 rn) 

| | | Not | 
Immediate 10 6.5 | 31 i 4-4 13.4 | done a 43.3 
9 hous dela 10 7.1 | 4 =| 35.5 | 44.41 5.4 | 44.5 











F. Chemical analyses. The animals were 
followed by determinations of: nonprotein ni- 
trogen (by the method of Folin and Wu), 
hemoglobin (Sahli), hematocrit (Wintrobe 
tube), total protein with albumin-globulin ra- 
tio (Kingsley biuret). 

G. Statistical analysis. In the statistical 
analysis of the data, 2.6 standard deviations 
(P<.o1) have been used as the level of “‘sig- 
nificance.” 

RESULTS 


A comparison (Table I) of the control group 
with the two heparinized groups, reveals a 


TABLE II.—PERCENTAGE OF SURFACE AREA 
BURNED AND SURVIVAL TIME IN HOURS 












































Survival time in hours 
% Senfaceares tt = wil 
urned TED , 4 
Control Heparin immediately} Heparin, delay 
39 16 139 
40 
42 
40 48 
80 
41 40 88 55 
127 
42 55 25 73 
32 108 
65 
43 12 56 
14 6 
44 17 79 41 
36 
40 
45 66 65 
65 
40 32 5° 
47 16 
48 25 33 
50 40 
$I 97 
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DAYS AFTER BURN 

Fig. 1. Mean change in hemoglobin referred to preburn 
ag as zero, Control, black line; heparinized, interrupted 
ine, 
very close preburn similarity. The average 
weight, nonprotein nitrogen, hemoglobin, 
hematocrit, and total proteins are practically 
the same in each group. Attention is called to 
the fact that the heparinized group received a 
slightly larger average per cent burn than the 
control group. 

An examination of the percentage of surface 
area burned and survival time in hours of each 
animal (Table II) shows that the distribution 
of animals in each group is approximately 
comparable. 


TABLE III.—MEAN PERCENTAGE OF SURFACE 
AREA BURNED AND SURVIVAL TIME IN HOURS 


Survival time 





Group | No. dogs | “@ Burn (hes.) 

Control | 10 } 43.1 (+ 8) | 34.6 (+0.0) 

| : 

All heparinized | 20 | 43.0 (+.7) | 72.2 (45.9) 
Immediately 10 | 44.5 (t1.0) | 73.0 (+10. 3) 
Delayed 10 =| g3.3 (44.0) | pea (t10.3) 

Difference control | | a 
and heparinized =| o.8(tr.1) | 37.6% (44.5) 





() Standard error of the mean. 


* This difference is significant t=4.2486 P=< oor 
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A study of the mean percentage of surface 
area burned (Table III) reveals that there is 
practically no difference in the three groups, 
Actually the control animals were burned 
slightly less (43.1 per cent) than the group of 
animals receiving heparin (43.9 per cent). A 
striking difference is seen in the survival time. 
The controls lived an average of only 34.6 
hours. The animals receiving heparin lived an 
average of 72.2 hours, over two times as long 
as the controls. This difference is statistically 
significant and would occur by chance less 
than once in 1,000 times. 

The survival time of the two heparinized 
groups is practically the same (Table III), 
The group heparinized immediately lived 73 
hours, while the group that was heparinized 
2 hours after the burn lived 71.4 hours. There 
is no difference in these two heparinized 
groups. Because of this the chemistry studies 
on all heparinized animals will be plotted 
together. 

Hemoconcentration in the animals receiving 
heparin was less than in the controls (Iigs. 1 
and 2). This is demonstrated by the greater 
rise in hemoglobin and packed cell volume of 
the control group. Figure 1 shows the changes 
in hemoglobin from the preburn normal, re- 
corded as zero. Vigure 2 is similar and shows 
the daily change in packed cell volume, in 
millimeters. 

Analysis of Figure 3 reveals a drop in the 
mean total protein of the controls. The hepa- 
rinized animals show a very slight increase in 
total serum protein during the first 24 hour 
period. This difference is not statistically sig- 
nificant. Closer scrutiny, however, shows that 
this change is due largely to the fact that in 
the controls decrease in concentration of al- 
bumin was 2.5 times greater than in the hepa- 
rinized animals. The comparison cannot be 
carried further because not enough of the 
controls lived for 48 hours. 

Even though the differences between the 
groups in the packed cell volume, hemoglobin, 
total protein, albumin, and globulin are not 
significant statistically, it is felt that all of 
these give evidence in favor of the heparinized 
animals. 

The most marked difference in any of the 
blood studies is seen in the nonprotein nitro- 
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gen. The nonprotein nitrogen of the controls 
rose 28 milligrams per cent during the first 
24 hours, and by the end of the second 24 
hours the mean was 44 milligrams above the 
preburn values (Fig. 4). The nonprotein nitro- 
gen of the heparinized animals rose but 15 
milligrams per cent during the first 24 hours, 
and actually dropped 8 milligrams during the 
next 24 hours. The lack of survival of the 
controls prevents further comparison. The 
difference in the two groups is statistically 
significant. 

The control and heparinized groups drank 
comparable amounts of water throughout the 
experiment. However, a study of the individ- 
ual urine output versus water intake reveals 
that the output of the control animals is much 
less than that of the heparinized group. The 
total output of those controls that lived over 
4o hours, but less than 48, was adjusted to the 
theoretical 48 hour total. Only 12 per cent 
excreted greater than 25 per cent of their in- 
take (Table IV) compared to 70 per cent of 
the heparinized animals. This difference is 
significant, and would occur by chance less 
than once in 1,000 times. 

Autopsy on all animals revealed no evidence 
of hemorrhage in the organs, or in the burn, 
as a result of the heparin. A third degree burn 
extending deep into the dermis or subcutane- 
ous fat was produced in all animals. The 
edema around and beneath the burn was 
found to be definitely less in the heparinized 
animals. 

Microscopic study of sections from the kid- 
ney of the animals frequently showed degener- 
ation of the tubules, especially in the loop of 
Henle. The changes were similar to those seen 
in “lower nephron nephrosis.”” Almost. all 
animals died before time would permit the 
appearance of the completed picture of this 
syndrome. Sections from all groups surviving 
equal times, showed much less damage quan- 
titatively in the heparinized dogs. 

DISCUSSION 

The dosages of heparin in this experiment 
are comparable to those used in the treatment 
of patients with venous thrombosis. It has 


been shown that these doses would more than 
double the survival time of experimental ani- 
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Fig. 2. Mean change in packed cell volume referred to 
preburn value as zero. Control, black line; heparinized, 
interrupted line. 





mals receiving lethal burns. It is interesting 
to speculate as to which of the possible actions 
of heparin could best account for the results 
observed. 

This experiment offers no data to show that 
thrombosis and emboli, from areas of sludge 
formation, are prevented. However, it is rea- 
sonable to assume that known heparin activ- 
ity, in reducing thrombosis and decreasing 
blood viscosity, improved the organ circula- 


TABLE IV.—URINE OUTPUT VERSUS INTAKE 
SECOND POSTBURN DAY (25 TO 48 HOURS)* 





i} | 


| _ ° | 
| Less than 25% | Morethan 25% | 
| 








Group | ——— ee 
| No. | Percent | No. | Percent | 
Control | 7 88 I 12 8 
t_—_—|1_| S| + 
Heparinized 5 | 30 | 92 7° | 17 








*Adjusted to theoretical 48 hour total for dogs surviving for 40 to 47 
hours. 

x? with Vates correction equals 12.598, probability .oor. There is a 
highly significant association between the control dogs and <25 per cent 
and the heparinized dogs and the 25 percent plus output. As these two 
samples are similar as to weight and percentage of surface area burned, 
this association seems direct. 
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Fig. 3. Mean total serum protein, albumin, and globulin 
change referred to preburn value as zero. Control, black 
line; heparinized, interrupted line. 


tion, thereby decreasing the general tissue 
damage. This may be part of the explanation 
of the decrease in damage to the function of 
the kidney. 

As has been pointed out (9, 12, 13, 27), after 
a burn, lymph flow increased and a few hours 
later decreased, due to lymphatic blocking. 
Cope and associates, working with animals 
during the early phase of burns, gave con- 
centrated albumin and found that the flow of 
lymph stopped from the unburned extremity. 
It continued to come from the burned ex- 
tremity. The increased osmotic pressure, pro- 
duced by the concentrated albumin, was in- 
effective in preventing continued fluid loss into 
the burned tissue. They pointed out that in 
burns one first gets hemoconcentration as the 
result of loss of fluids in large amounts. This 
hemoconcentration is accompanied by a loss 
of proteins, with a greater loss of albumin than 
globulin. Also, the local mechanism for re- 
absorption of water is damaged by a burn, and 
the only such mechanism remaining intact is 
the lymphatic system. It is recognized (9, 12, 
13, 27) that the lymphatics in burned areas 
are frequently blocked by clotting of lymph. 
Glenn and associates (12, 13) showed that 
heparinization decreased or diminished this 
blocking of the lymphatics. An analysis of the 
data from our experiments shows that the 
control animal lost two and one-half times 
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(Fig. 3) as much serum albumin, during the 
first 24 hours after burn, as did the heparinized 
animal. This result tends to bear out the fact 
that there is a differential loss of albumin in 
burned animals. The albumin may return 
more quickly to the circulating blood by way 
of the lymphatics, if the animals are heparin- 
ized. The less marked rise in the packed cell 
volume and hemoglobin concentration in the 
heparinized animals (igs. 1 and 2) may also 
be explainable by more rapid drainage of fluid 
from the burn site. 

It has been demonstrated by Rigdon and 
Wilson that capillary permeability is not af- 
fected by heparinization, even in the presence 
of injury. Therefore fear that there will be 
an associated increased loss of fluid into the 
burned area is not indicated. Actually, the 
reverse is probable, that is, when heparin 
is given, the fluid and protein which are lost 
into the burned area are returned more readily 
to the general circulation. 

All of the benefits resulting from heparin- 
ization might be explained by its proved in- 
fluence on sludge, thrombosis, blood viscosity, 
and improved lymphatic drainage. From the 
evidence presented we cannot either confirm 
or deny the presence of a toxin in burns. How- 
ever, it is possible that the kidney damage 
occurred as a result of a protein toxin, and 
that heparin might well combat its deleterious 
effects. Heparin has unique physicochemical 
properties. It has a high molecular weight and 
carries an exceptionally strong, negative elec- 
tric charge (17). Heparin forms stable salts 
with many proteins, for example, protamine 
(8), gelatin (16), and casein (16). The result- 
ing salt is markedly different in its properties 
(isoelectric point, solubility, etc.) from the 
original protein. In solution these salts show 
partial dissociation according to mass laws. 
The dissociation constant of the compound 
varies with the protein. The formation of 
compounds with a sufficiently low dissociation 
constant is followed by the loss of biological 
activity on the part of the anticoagulant (16). 
Also, it has been shown that the specific nature 
of antigenic proteins may be changed by the 
action of heparin (19, 23, 37). If a toxin were 
absorbed by the lymphatics early in burns, its 
effects seem neutralized by the action of hepa- 
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rin. There is apparently no reason, therefore, 
to assume that the increased lymphatic drain- 
age, associated with heparinization, might re- 
sult disastrously because of increased toxin 
absorption. 

The result of this experiment is directly 
opposite that found by Alrich. It is important 
to find an explanation of this difference. It 
probably resides in the following variation in 
the two experimental approaches: (1) contin- 
uous nembutal anesthesia for up to 30 hours; 
(2) different dosages of heparin; (3) small 
number of controls; (4) use of pressure dress- 
ings. 

The investigations of Hahn and coworkers 
have shown that as much as 30 per cent of the 
red cell circulating mass may be trapped in the 
spleen of dogs receiving prolonged sodium 
pentobarbital anesthesia. Seavers and Price 
studied the effect of 8 hour sodium pento- 
barbital anesthesia on normal dogs. They 
found an elevation of hematocrit and hemo- 
globin, a drop in blood volume, plasma vol- 
ume, and total protein mass. It is felt that 
this prolonged anesthesia would mask the 
changes in these same factors due to the burn 
itself. Ten milligrams of sodium heparin were 
given intravenously immediately following the 
burn (1) and 10 milligrams subcutaneously 
each hour for 8 hours. This was stated to 
render the blood incoagulable and to have 
been responsible for 2 of the 5 deaths in the 
heparinized animals. An analysis of the mor- 
tality statistics in his paper reveals that the 
results could be expected by chance one out 
of three times. They are not, therefore, of 
statistical significance. 

If heparin is so beneficial, one must wonder 
why the animals in this experiment did not 
live indefinitely. The answer would seem to 
lie in the fact that the dogs received: (1) no 
supportive treatment, that is, intravenous 
blood, plasma, amino-acids, or electrolytes; 
(2) no high-protein, dietary supplement; and 
(3) no antibiotics to prevent infection. This 
latter was especially important since the femo- 
ral veins were used for repeated venipunctures 
to follow the clotting times. Because of the 
extensiveness of the burns, most of these punc- 
tures were performed through burned tissue, 
and thereby infection was invited. 
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Fig. 4. Nonprotein nitrogen average change referred to 
preburn value as zero. 


Controls 28.83 44.27 
Heparin 15.45 4.25 
Difference 13.38 40.02* 
*The difference between the control dogs and the heparin dogs on the 
second postburn day is significant (P<.or). 





Heparin, it is felt, has been shown experi- 
mentally to be beneficial in the treatment of 
burns, both locally and systemically. A cau- 
tious clinical application of this drug to the 
therapeutic regimen for the burned patient 
seems indicated, and has been begun. 


SUMMARY 


1. In dosage comparable to the ordinary 
therapeutic regimen, heparin increased signi- 
ficantly the survival time of animals receiving 
lethal burns. 

a. The beneficial effect of heparin is accom- 
panied by improved renal function, manifested, 
by a statistically significant, smaller rise in 
nonprotein nitrogen and increased urinary 
output, when compared to the controls. 

b. There is an apparent decrease in the 
expected hemoconcentration, probably due to 
a better return of fluid and albumin to the 
circulation, by way of the lymphatics. 

2. A theoretical concept is offered suggest- 
ing the chemical alteration, by heparin, of a 
protein toxin. 
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ACUTE PANCREATITIS DURING PREGNANCY AND 





THE POSTPARTUM PERIOD 


A Report of Nine Cases 


CHARLES F. LANGMADE, M.D., and HUGH A. EDMONDSON, M.D., Los Angeles, California 


AUSEA, vomiting, and epigastric 
distress are rather common com- 
plaints during pregnancy, espe- 
cially in the first trimester. When 

these symptoms are of sudden onset and ac- 
companied by upper abdominal tenderness, 
acute pancreatitis must be considered. This 
disease stands out as one for which there is a 
rapid, accurate, and easily determined diag- 
nostic aid (30). Elevated blood amylase and 
urinary diastase values will, with but few ex- 
ceptions (27), give an invaluable lead in its 
diagnosis. 

The occurrence of pancreatitis during preg- 
nancy has not received the recognition it de- 
serves, in spite of the voluminous amount of 
work on acute pancreatitis per se. This omis- 
sion in our literature and teaching is all the 
more striking when one reviews the history of 
pancreatitis. Among the first descriptions of 
the disease the role of pregnancy as an etio- 
logic factor was always emphasized. Although 
Lawrence (1838) has been mentioned as the 
first to report the disease in pregnancy, there 
can be no doubt that Schmitt’s description in 
1818 antedates that of Lawrence. His patient 
was a woman of 30 in her eighth pregnancy. 
Persistent vomiting began early and was ac- 
companied by epigastric tenderness and great 
weight loss. Death occurred in the fourth 
month. Schmitt believed the pancreatitis to 
be related to the pregnancy and mentioned 
“ptyalism of the mouth and abdomen”’ as a 
cause. Mondiére mentioned the role of preg- 
nancy in pancreatitis in 1832, as did others in 
reviewing the subject before 1900 (14, 29). 

The only review of recorded cases noted was 
that of M. Marcus in 1930. To these we have 
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added several cases, most of them reported 
since his publication. The histories on several 
of the patients reported were rather vague as 
to actual date of onset of symptoms following 
a normal pregnancy and delivery. Some were 
operated upon for pancreatic pseudocysts 
from 214 months to 6 years after the termina- 
tion of pregnancy. It seems to us that some 
time limit should be universally accepted for 
the entity of pancreatitis related to pregnancy 
when the patient has the first attack post- 
partum. We would suggest that 6 weeks be 
the maximum. In spite of the insufficient his- 
tories, after reviewing the literature we have 
accepted a total of 53 cases. 


The data on these cases disclose certain 


points worthy of mention. The age was noted 
in 50, the range being from 17 to 44 years with 
an average of 27. The disease was observed 


most often during the first pregnancy (19 


cases) but was seen even in the eighth. The 


first symptoms attributable to pancreatitis 


occurred during a previous pregnancy or a 
previous puerperal state in 6; before the preg- 


nancy in question, but in a nonpregnant state, 


in 4; during pregnancy in 15; and postpartum 


in 28. However, in 11 of the 25 whose first 
symptoms began before pregnancy or during 
pregnancy, there was an attack postpartum or 
there was a continuation of an existing pan- 
creatitis. This liability to an attack during the 


puerperium was thus an outstanding charac- 


teristic, having occurred in 39 (73 per cent). 
The gall bladder was examined at surgery or 
postmortem in 34 instances; calculi were noted 
in 12. There was no particular difference be- 
tween those with stones and those without as 
far as the onset and course of their pan- 
creatitis was concerned. 

A clinical diagnosis of pancreatitis was made 
in only 3 patients, with the aid of amylase and 











44 SURGERY, GYNECOLOGY AND OBSTETRICS 


diastase studies. Marcus made the first such 
diagnosis in.1930. Of the other 50, 38 were 
diagnosed at surgery, 11 at autopsy, and in 1 
the record was incomplete. We were able to 
ascertain the results of surgery in 35 out of the 
38 operated upon, of whom 27 recovered and 8 
died. One of the patients who recovered from 
surgery later died of diabetes mellitus. The 
onset of symptoms during the puerperium was 
not infrequently followed by a long period of 
recurrent attacks, weight loss, and ill health 
before surgery was attempted. This is well 
exemplified by Ludolph’s patient, who was 
successfully operated upon for a pancreatic 
pseudocyst 9!4 months after delivery. That 
repeated attacks may lead to chronic pan- 
creatitis is shown by 3 instances in the litera- 
ture (1, 4, 10). 

The question of parity seems to bear some 
relation to the disease. It was mentioned in 
38 of the 53 cases. Of these 38, there were 19 
primiparas and 19 multiparas. It is of further 
interest that of the 12 patients with gallstones 
the parity was mentioned in g. Six of the 9 
were primiparas. The tendency of the primi- 
para to have pancreatitis more often than the 
woman with multiple pregnancies is apparent, 
because there are far more multiparas than 
primiparas. The primipara is even more sub- 
ject to the disease if she has gallstones. 

Marcus discussed the various theories which 
had been advanced as to the cause of pan- 
creatitis in pregnancy. Because the disease 
had been noted in all stages of pregnancy, 
during delivery, and postpartum, and because 
the changes in the pancreas covered a wide 
range as to severity and complications, the 
latter becoming manifest months or even years 
later, Marcus pointed out that no common 
denominator could be determined. Among the 
etiological factors reviewed were relationship 
to delivery, cholelithiasis, endocrine secretion, 
emboli, and postpartum bleeding. Marcus ad- 
vanced the idea that pancreatitis might be 
related to the autonomic nerve supply of the 
blood vessels of the pancreas. He also con- 
sidered that some toxic factor associated with 
pregnancy might directly affect the pancreas. 
The possibility that vomiting of pregnancy 
might often be due to some affliction of the 
pancreas and that investigation of the en- 


zymes in the blood and urine should be done 
were emphasized. 


CASE REPORTS 


Eight of the following cases of acute pan- 
creatitis complicating pregnancy were taken 
from the records of the Los Angeles County 
Hospital covering the years 1940 through 
1948. The total number of deliveries during 
these years was 34,791. The clinical picture 
was confirmed by markedly elevated serum 
amylase or urinary diastase values or both in 
every instance. In 6 of these patients the diag- 
nosis was made prior to delivery and in 2 during 
the puerperium. The ninth case was the only 
instance of the disease in pregnancy in 40,394 
necropsies performed at the Los Angles Coun- 
ty Hospital from 1918 through 1948. As the 
problem of pancreatitis complicating preg- 
nancy may be presented to the clinician during 
any trimester or in the postpartum period, we 
have arranged the cases according to trimester 
of onset. 


Group I—Onset During First Trimester 


CasE 1. A 20 year old Mexican female, a primi- 
para, tertigravida, 1 abortion, entered the hospital 
December 10, 1948, because of nausea and vomiting 
for r month. During the week before entry there had 
been a dull, steady epigastric pain. The temperature 
was g9 degrees. The patient was apprehensive and 
vomiting. There was mild tenderness above the 
liver, which was palpable 4 centimeters below the 
right costal margin in the midclavicular line. Pelvic 
findings were those of a 244 months’ pregnancy. 

The leucocyte count was 13,200 with 84 per cent 
polymorphonuclears. The urine contained acetone 
2 plus. The serum sodium was 318, serum potassium 
12, blood glucose go, and plasma chloride 604 milli- 
grams per cent. The carbon dioxide combining 
power was 24 volumes per cent. A Levin tube with 
suction was started on the sixth hospital day and 
removed on the twentieth day. Serum amylase was 
not done. She was discharged on December 22, 1948, 
and returned on January 6, 1949, because of lower 
abdominal pain and vomiting for one day. On this 
entry the serum amylase was 750 units! and she was 
accordingly treated for pancreatitis. She left the 
hospital 7 days after entry, asymptomatic. 


The symptoms presented by this patient in 
the first trimester of pregnancy raise the im- 


1The test for amylase activity in our laboratory is done-by a 
modification of Somogyi’s method. It is measured by the hy- 
drolysis of a starch solution under given conditions and tr unit is 
equivalent to 1 milligram of sugar per 100 cubic centimeters of the 
fluid in question. 
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portant problem of differential diagnosis be- 
tween hyperemesis gravidarum and pancrea- 
titis. This is the only patient in whom the 
clinical diagnosis was made in the first tri- 
mester. 

Case 2. F. A., a 17 year old married Mexican 
female, a primipara, secundigravida, entered the 
hospital March 22, 1946, complaining of sudden 
sharp epigastric pain radiating into the lower tho- 
racic area of the back. The pains were continuous 
and associated with nausea and vomiting. Her last 
menstrual period was in August of 1945, at which 
time she had been hospitalized for the same com- 
plaints. The pains had recurred frequently during 
her pregnancy. There was tenderness in the midepi- 
gastrium and left flank. The pelvic examination was 
consistent with an 8 months’ pregnancy. 

The serum amylase on the day of entry was 3,600. 
On the second day it was 1,200 and the urinary dia- 
stase 37,500. The serum calcium was 7.4 milligrams 
per cent. On conservative treatment with nasogas- 
tric suction she improved rapidly. On the eighth 
day she was discharged. 

On May 9, 1946, she delivered a normal baby. 


The physical findings, high amylase values, 
and low serum calcium indicate a moderately 
severe attack, probably with some fat necrosis. 
Recovery was prompt following conservative 
treatment. 

CasE 3. A Negro housewife of about 36 years, a 
tertipara, quintigravida, entered the hospital on 
August 21, 1934, eight weeks’ pregnant. For 4 weeks 
she had vomited continuously. Her blood pressure 
was 150/108. The patient was dehydrated but no 
other changes were noted. The leucocyte count was 
9,600 with 84 per cent polymorphonuclear leucocytes. 

On the eighth hospital day the patient complained 
of severe epigastric pain. Her condition became 
worse; the abdomen became distended and tympan- 
itic. By the fourteenth hospital day the nonprotein 
nitrogen was 188, the creatinine 3.7 milligrams per 
cent, and the carbon dioxide combining power 17 
volumes per cent. The pregnancy was terminated on 
this date by dilatation and curettage but the patient 
grew progressively worse and died on the same day. 
At necropsy the only finding was severe acute hemor- 
thagic pancreatitis and pulmonary edema. Histo- 
logical findings were confirmatory. 


This case, the only fatality, emphasizes the 
importance of distinguishing between hyper- 
emesis gravidarum and pancreatitis. How 
often may the latter masquerade as the 
former? 


Group II—Onset During Second Trimester 


CaAsE 1. E. O., a 22 year old Mexican woman, a 
primipara, secundigravida, entered the hospital on 
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July 23, 1947, because of sharp epigastric pain fol- 
lowed by vomiting. The pain radiated along the 
right costal margin and into the right shoulder. Her 
temperature was ror degrees. The abdomen was 
obese, with 2 plus tenderness and rebound tender- 
ness in both upper quadrants. There was slight dis- 
tention with absent peristaltic sounds. The corpus 
uteri was 4 fingerbreadths above the symphysis. The 
last menstrual period was May 17, 1947. 

The kemoglobin was 13 grams, the leucocyte count 
19,750 with 92 per cent polymorphonuclear leuco- 
cytes. A flat film of the abdomen showed gas and 
fecal material in the colon. Blobs of small intestinal 
gas consistent with ileus were seen. A colpotomy 
was done and 50 cubic centimeters of amber odorless 
fluid was obtained. The amylase activity on this 
fluid was 21,360 units. The serum amylase was 
1,120 units. 

Continuous suction with a Levin tube was insti- 
tuted. Extensive studies of the chemical changes in 
the blood were begun on the second day (Table I). 
The patient continued to have a low grade fever and 
on the seventh day there was left upper quadrant 
pain, and a slightly tender ro centimeter mass was 
palpated in the left upper quadrant. The urinary 
diastase was then 1,250 and serum amylase less than 
100 units. However, she became afebrile and the 
mass receded. Another bout of pain occurred on the 
seventeenth day and lasted 6 days. The diastase 
during this episode rose to 4,500 units. The symp- 
toms again subsided. On the thirty-second day there 
was recurrent left upper quadrant pain and a pal- 
pable mass, which gradually disappeared. The pa- 
tient was discharged on September 19, 1947. 

On November 22, she became acutely ill with 
nausea, vomiting, and left upper quadrant pain. She 
was taken to another hospital, where she delivered 
spontaneously a premature baby which “breathed 
poorly and died” soon after delivery. Her symptoms 
became progressively more severe postpartum, and 
she was transferred to this hospital. There was a 
central and left upper quadrant distention with dull- 
ness and tenderness over the distended area. A flat 
film of the abdomen revealed a large left upper 
quadrant mass consistent with a pseudocyst of the 
pancreas. 

Laboratory findings included proteinuria 1 plus, 
hemoglobin of 5.4 grams, erythrocytes 2.1 million, 
and leucocytes 16,000, with go per cent polymorpho- 
nuclear leucocytes. The serum amylase was 1,125, 
urinary diastase 100,000, and serum calcium 8.5 
milligrams per cent. 

She was given four 500 cubic centimeter blood 
transfusions and put on nasogastric suction. On the 
seventh hospital day, under local procaine anesthe- 
sia, a 2 inch transverse incision was made in the left 
upper quadrant and 6 liters of jelly-like, blood- 
tinged fluid was evacuated. A catheter was placed in 
the cyst. The drainage gradually decreased to 30 
cubic centimeters daily. The amylase value of the 
drainage was 44,750 units per 100 cubic centimeters. 
The patient improved rapidly. The serum amylase 
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1CO2 combining power is expressed in volumes per cent. 

2These values are expressed in milligrams per cent. 

*These values are expressed in grams per cent. 

‘These values are expressed in units as defined elsewhere in this article. 


decreased to 95, and on the seventeenth hospital day 
she was allowed to go home with the drainage tube 
in place. 

One week later only a few cubic centimeters of 
fluid could be injected into the tract. The patient 
had no complaints. 

During her acute illness repeated electrocardio- 
grams revealed interesting changes. One tracing, 
taken on the thirty-fifth hospital day, revealed low ‘T 
waves of a bizarre contour in leads 1 and 2 and in- 
verted in lead 3. ‘T4-F was low with a tendency 
toward notching. On this day the serum potassium 
was 9.6, calcium 9.8, and magnesium 1.7 milligrams 
per cent. The carbon dioxide combining power was 
48 volumes per cent. In 10 tracings taken on 1o dif- 
ferent days, T3, was inverted to a varying degree in 
all. An electrocardiogram taken later during a 
quiescent period was normal. The significance of 
the changes will be discussed. 

This patient with a huge pseudocyst repre- 
sents one of the common complications of 
acute pancreatic necrosis. The repeated in- 
sults with failure to heal, the palpable mass 
and recurrence of high serum amylase values 
are typical. 


CasE 2. C. O., a 24 year old Mexican, a nullipara, 
primigravida, first noted mild epigastric pains during 
the sixth month of her pregnancy. She was admitted 
to the hospital June 22, 1946, at term. She had 
vomited 2 or 3 times daily during the previous 4 
months and the epigastric pains had been more 
severe for the previous 3 weeks. She was obese, 
weighing 223 pounds. The blood pressure was 160/- 
120, pulse 110, and temperature r1o1.2 degrees. 
There was no abdominal tenderness or distention. 
The urine contained 0.21 gram per liter of protein. 

When dilatation of the cervix was complete, 
Kjelland’s forceps were applied with the fetus in the 
right occipitotransverse position. The cord was 
around the neck and a shoulder dystocia was en- 
countered. Within 8 minutes a stillborn 9 pound, 
5 ounce male infant was delivered. 

One month postpartum she again suffered severe 
epigastric pain and vomiting, for which she was fin- 
ally hospitalized on October 23, 1946. The pain 
radiated from the epigastrium straight through to 
her back and “‘under” both shoulders. 

The blood pressure was 130/100 and the tempera- 
ture 100.2 degices. There was epigastric tenderness 
with no rigidity or distention. The serum amylase 
Was 3,050 units on the csv of entry. The urine con- 
tained albumin (2 plus). Roentgenograms of the 
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abdomen revealed a few gas bubbles in the small 
intestine in the midabdomen, and many in the right 
lower quadrant, These were interpreted to mean a 
fluid-filled small intestine diagnostic of an ileus, 
probably severe. 

Her symptoms cleared in a week on conservative 
treatment. The serum amylase was normal on the 
fifth day. On November 1, 1946, a cholecystogram 
revealed only faint dye- concentration, consistent 
with decreased function. She was discharged No- 
vember 2, 1946, asymptomatic. 


In this instance there was an apparent re- 
currence of acute pancreatitis after delivery 
similar to those reported so often in the litera- 
ture. At least it is reasonable to suppose the 
attacks of epigastric pain during pregnancy 
were on the basis of pancreatic disease. In 
addition to the pregnancy the obesity, hyper- 
tension, and evidence of gallbladder disease 
all might be contributory factors in attacks of 
acute pancreatitis. 


Case 3. M. O., a 38 year old Mexican woman, a 
septipara, entered the hospital 54 months’ pregnant 
on October 6, 1943, because of nausea and vomiting 
of 2 days’ duration. On the day of entry she had 
severe, constant epigastric and right upper quadrant 
pain which later became generalized. The pain radi- 
ated to the inferior angle of the right scapula. 

The temperature was 101.6 degrees. The abdomen 
was obese and soft, with minimal tenderness in both 
upper quadrants. Generalized rebound tenderness 
was present. Peristaltic sounds were not heard. The 
corpus was t fingerbreadth above the umbilicus. 

The leucocyte count was 17,600 with go per cent 
polymorphonucelears. The urine contained acetone 
4 plus. Urobilinogen was present in dilution of 1 to 
20, and the test for bile was 2 plus. 

The symptoms subsided somewhat on nasogastric 
suction. However, on the third hospital day there 
was a recurrence of the right upper quadrant pain. 
The abdomen was distended and tender in the upper 
quadrants and right lower quadrant. Peristaltic 
sounds were still not heard. A blood amylase and 
urinary diastase taken on the second hospital day 
were reported as 343 and 8,000 respectively. Films 
of the abdomen revealed numerous distended loops 
of small bowel consistent with severe ileus. The 
cecum was distended to 14 centimeters in diameter. 
On the fifth day she was afebrile and comfortable, 
so the Levin tube was clamped and removed. A 
cholecystogram 1 week later revealed no dye con- 
centration. 

The next hospital entry was on November 11, 
1943, because of a similar attack. A pear-shaped 
mass was present in the right upper quadrant which 
was very tender. Minimal left upper quadrant 
tenderness was present. The uterus was at the um- 
hilicus. ‘The serum amylase was 675 and the urinary 
diastase 5,350. 
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The symptoms rapidly subsided on gastric suction 
and intravenous fluids. On the fourth day these 
were discontinued and she was discharged on the 
seventh day. 

She returned to the hospital 3 times with acute 
pancreatitis before delivery of a normal baby on 
March 17, 1944. The postpartum course was un- 
eventful. 


The stubborn relapsing nature sometimes ex- 
hibited by pancreatitis (6) is illustrated by the 
5 distinct attacks suffered by this patient. The 
probability of an associated gallbladder dis- 
ease is evident. The prominence of gallblad- 
der symptoms may obscure the diagnosis of 
pancreatitis. 

Group 111 —Onset During Third Trimester 

A synopsis of these cases is found in Table 
II. No special problems are raised by the pa- 
tients in this group. 

DISCUSSION 

Clinical. The first symptom of acute pan- 
creatitis is usually pain, followed by nausea 
and vomiting (25). In our series the pain 
originated in the epigastrium in 7 and the 
right upper quadrant in 2. In 6 the pain radi- 
ated through to the back or along the right 
costal margin into the right shoulder. In this 
series the pains were usually described as 
sharp and intermittent. Flank tenderness re- 
sults from lateral retroperitoneal spread of en- 
zymes and was present in 2 patients. With the 
lateral spread, flank ecchymosis may be seen 
(Turner sign). Also a positive Cullen’s sign 
has been described following anterior extrava- 
sation of the pancreatic fluid. With this plus 
free fluid in the pelvis, which may occur in 
pancreatitis, intra-abdominal bleeding from a 
pelvic source has to be considered. 

Sudden epigastric pain in pancreatitis at 
times suggests coronary artery thrombosis. 
Even the electrocardiographic findings, as 
noted in Case 1, Group II, may be confusing 
until serum amylase levels are determined. 

All the women complained of nausea and 
vomiting, which is probably reflex in nature 
during the early stages of the disease but later 
may be due to the ileus or pseudocyst forma- 
tion. In each case in this series in which flat 
films of the abdomen were taken, a definite 
ileus was demonstrated. 





SURGERY, GYNECOLOGY AND OBSTETRICS 


TABLE IT.—SUMMARIZED HISTORIES OF PATIENTS WITH ONSET DURING 


THIRD TRIMESTER—GROUP III 
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Age Duration Previous Physical Result Post- 
and Parity of attacks of Symptoms pis ane Laboratory Progress of partum 
race pregnancy pancreatitis pregnancy course 
Case 1 (In hospital 10/25/46) 
30 Para V 6 months Similar at- | Right upper quad- | Epigastric Serum amylase,| Left hospital day | Delivery | Unevent- 
Mex. Gravida tacks be- rant pain for 6% tenderness 3 3,000. of entry but of nor- ful 
> 4 fore preg- months. Steady plus. Corpus | White cell pains persisted mal in- 
nancy and severe. Vom-| uteri 1 finger-| count, 9,400, throughout fant 
ited many times breadth 70% poly- pregnancy 2/6/47 
above morphonu- 
umbilicus clears 
Case 2 (In hospital from 8/20/45 to 8/22/45) 
28 Para I. Terminated | None Severe recurrent Epigastric and | Serum amylase,| Conservative Unknown | Attacks 
Mex. Gravida epigastric pain left upper 1200. therapy. At- as 
I months radiating to back | quadrant White cell tack subsided de- 
on 7/7/45 during third tri- tenderness count, 11,800,| rapidly Re- scribed 
mester. Pains 90% poly- moved to an- 
became much morphonu- other hospital 
more severe after clears. on third day 
delivery. Nausea X-ray: one 
and vomiting for loop of small 
4 days before bowel filled 
entry with gas 
Case 3 (In hospital from 8/26/42 to 8/29/42 and 9/13/42 to 9/15/42) 
29 Para III. | 6 months Similar at- | Right upper quad- | Extreme epi- | Urinary dia- Recovery prompt} Delivered | Unevent- 
Mex. Gravida tack during} rant pain,nausea,| gastric ten- stase, 6,300. with intra- normal ful 
f pregnancy and vomiting for derness. White cell venous fluids baby on 
2 years 2 days. Radiated| Fundus 14 count, 14,200,| and sedation. 11/23/42 
before through to back cm. above 86% poly- Second entry 
umbilicus morphonu- on 9/13/42 
clears with a similar 
attack. Recov- 
ery in 2 days 





























A study of nationality disclosed that 8 of 
the 9 patients in this series were Mexican 
women. The high incidence of Mexican pa- 
tients on the obstetrical service (34 per cent) 
could hardly be responsible. Although no 
dietary histories were done, the highly spiced, 
protein-rich diet of these people is well known. 
Acute pancreatitis may be precipitated by a 
large meal or an alcoholic bout, both of which 
are powerful stimulants of the external pan- 
creatic secretion. Food of any type will aggra- 
vate the pancreatitis after the disease is estab- 
lished and active. 

The problem of the relationship of gall- 
bladder disease. to pancreatitis is one that is 
frequently mentioned but has not been solved. 
At postmortem examination of patients with 
acute pancreatitis, cholelithiasis has been 
noted 6 times more frequently than in the 
general population (23). As multiparity has 
long been associated with cholelithiasis, we 
should expect to find an increased incidence of 
gallstones associated with acute pancreatitis 
in these patients. In this series, as in those 


reported in the literature, however, this was 
not borne out. Three of the patients were 
primigravidas and in the age groups 17, 22, 
and 24 years. In no case was jaundice noted. 
Unfortunately cholecystograms were not done 
on all the patients at later dates. Such studies 
in Case 2, Group II (a primipara), revealed a 
decreased dye concentration, and in Case 3, 
Group II (a multipara), there was a non- 
functioning gall bladder. No radiopaque cal- 
culi were seen. 

The disease, when complicating pregnancy, 
may occur during any trimester. Our cases 
are divided equally as to trimester. Recurrent 
attacks once the disease was established were 
frequent. Three patients suffered recurrent 
attacks postpartum. Two seen early in preg- 
nancy suffered a second attack during the 
third trimester. The relapsing nature of pan- 
creatitis has been emphasized by Comfort and 
associates. 

The prognosis as to survival of the fetus is 
an important point mentioned in only 25 of 
the reported cases. In 20 a live baby was ob- 
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tained. In our group, 4 delivered normal 
healthy infants. The fifth was a g pound, 5 


‘ounce stillborn, delivered after a difficult labor 


in a possibly toxemic mother. The pancreatitis 
cannot be directly correlated with this still- 
birth. The sixth and seventh were premature 
infants, one of whom died, and the fate of the 
other was unknown. In one of the latter the 
huge pseudocyst described may well have been 
the cause of the premature labor. The eighth 
patient, seen early in pregnancy, has not been 
followed. The ninth patient was aborted 
therapeutically. No conclusions can be reached 
as to fetal mortality in the disease from this 
series. 

Laboratory. The laboratory data are the 
most reliable diagnostic aids. The serum 
amylase values were elevated above the nor- 
mal level of 150 units in all instances with the 
exception of Case 3, Group III, in which ele- 
vated urinary diastase values were diagnostic. 
The serum amylase values ranged from 800 to 
3,600 units. The urinary diastase ranged from 
4,500 to 37,500, well over the norrnal of 1,000. 
Many other diseases may be associated with 
increased diastase and amylase values, and 
must always be considered in differential diag- 
nosis. Uremia, mumps, perforated peptic ul- 
cers, high intestinal obstructions, salivary 
duct obstruction, superior mesenteric and 
portal vein thrombosis may be associated with 
elevated serum amylase levels. In those with 
abdominal symptoms the serum amylase 
rarely exceeds 500 units (9). With levels be- 
low this figure diseases other than pancreatitis 
must be considered. The serum amylase may 
return to normal within 72 hours. Later in the 
disease an elevated urinary diastase or hypo- 
calcemia may be diagnostic (g). In the severe 
fulminant type, resulting in shock and early 
death due to destruction of the pancreas, the 
amylase values may be normal or only mod- 
erately elevated. 

Among the urinary findings during preg- 
nancy, proteinuria is of great importance. 
This occurred in Cases 1 and 2, Group II. 
Metheny, Roberts, and Stranahan reported a 
100 per cent incidence of albuminuria in their 
32 cases of acute pancreatitis. We have not 
seen so high an incidence. If necrosis is wide- 
spread, shock and secondary renal tubular 
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damage may result in some albuminuria. This 
is of significance when one considers the dif- 
ferential diagnosis, as in Case 2, Group II. 
This patient may or may not have had a 
toxemia of pregnancy. 

The electrolyte studies disclosed that the 
serum calcium levels were lowered in Case 1, 
Group II, and Case 2, Group I, to 6.9 and 7.4 
respectively. Low serum calcium values may 
be present in normal pregnancies (3); there- 
fore, the calcium diverted in acute pancreatitis 
adds an additional hazard. For these reasons 
calcium levels should be corrected early in the 
disease. Prolonged depression of the serum 
calcium beyond the second week indicates 
progression of the disease. In a series of pa- , 
tients with pancreatitis from this hospital, 
fatality resulted in all whose serum calcium 
fell below 7 (8). 

The carbon dioxide combining power was 
not done in all patients. With the history of 
repeated nausea and vomiting, aggravated by 
food or fluids, some degree of acidosis should 
be expected. It is known, also, that the alkali 
reserve is lowered approximately ro per cent 
by the ninth month of pregnancy (11), due to 
the transfer of base from the mother to the 
fetus. Therefore the alkali reserve may be 
below normal when the disease occurs. In 
Case 1, Group II, the carbon dioxide combin- 
ing power was 36 on the second day. It rose 
to normal under treatment by the eighth day. 
On the nineteenth to the twenty-sixth day 
during an exacerbation,-it was below 4o. In 
Case 3, Group I, extreme acidosis was present. 
Here again, as with the serum calcium, an 
already lowered plasma constituent noted nor- 
mally in pregnancy is further depressed by the 
disease process. 

All these patients received intravenous glu- 
cose and saline as required; hence the labo- 
ratory procedures give us little controlled data 
on sodium, chlorides, and blood sugars. We 
do know, however, that hyperglycemia is a 
definite stimulant to the hormonal and en- 
zymatic functions of the pancreas (2). The 
results of the glucose tolerance test in Grott’s 
second case also suggests that hyperglycemia 
stimulates the pancreatic enzyme functions. 
In his patient the diastase value of the urine, 
measured as 50 Wohlgemuth units before the 
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50 gram glucose meal, was reported as 100 
units (normal 3 to 30) after the administra 
tion of the glucose. ‘Transient glycosurias 
occur during bouts of acute pancreatitis. 
Therefore the blood sugar levels should be 
closely followed and extremes of hypergly 
cemia avoided, In Case 1, Group TH, 10 per 
cent glucose was given on several occasions 
with poor ciinical response. We now believe 
that such treatment is contraindicated, 

In Case 1, Group II, the serum potassium 
levels were below the normal of 16 to 22 milli 
grams per cent, as shown in ‘Table 1. The mild 
degree of acidosis may have contributed to 
this. Intravenous glucose also tends to de 
crease serum potassium, This is possibly due 
to potassium and phosphate deposition in the 
liver cells during glycogenesis (12, 13). Very 
possibly the electrocardiographic changes seen 
were due to changes in serum potassium, Sim 
ilar changes have been noted by Martin and 
associates (20) in diabetic acidosis, and by 
others (5). One of us (ILA.E.) has repeatedly 
noted low serum potassium in pancreatitis 
(y), 

Ktiology. The histological picture of the 
pancreas is not greatly unlike that of the 
salivary glands. We know that ptyalism oc 
curs during pregnancy and accompanies hy 
peremesis at times, The salivary glands may 
become swollen and tender. ‘The question of 
increased pancreatic secretion during preg 
nancy is an interesting one, especially in view 
of the fact that attacks of acute pancreatitis 
often follow a large meal when pancreatic 
secretions are at a high level. Picinelli and 
Villani observed a slight increase of lipase and 
trypsin concentration of juice aspirated from 
the duodenum of pregnant women as com 
pared with the nonpregnant controls. They 
injected acetic acid (20 ¢.c, of a 3 per cent 
solution) into the duodenum to provoke pan 
creatic secretion, The various factors to be 
considered in the etiology of acute pancreatitis 
have been discussed by Ivy. 

General, It is evident that acute pancrea 
titis should always be suspected in pregnancy 
and the postpartum period when pain, nausea, 
and vomiting are accompanied by any positive 
physical findings anatomically related to the 
pancreas, [t is likewise important to rule out 


any pancreatic involvement in patients with 
hyperemesis gravidarum by amylase and dia- 
stase studies. In such patients the diagnosis of 
pancreatitis may easily be missed. 

It is difficult after surveying the literature 
and studying the disease in our group of pa- 
tients to evaluate the etiological role of preg: 
nancy. The possible effect of hormones and 
excessive secretory stimuli acting upon the 
pancreas may be considered, But to our 
knowledge neither in man nor in experimental 
animals has any specific factor been impli- 
cated as a cause of pancreatitis in pregnancy, 
In serum amylase studies on a small series of 
30 symptomless patients seen during preg 
nancy and the postpartum period, the levels 
were all under too units. Thus we have no 
evidence of any increase in serum amylase in 
hormal pregnancies, 

even more difficult is the explanation of at- 
tacks occurring postpartum, either primary or 
recurrences, ‘Two out of 9 in our series is con- 
siderably less than that noted in the litera- 
ture, where 39 out of 53 patients had attacks 
postpartum, Tf pancreatitis is caused directly 
by pregnancy, the attacks should cease afte 
delivery. At present, then, the cause of pan- 
creatitis is as unknown in the above conditions 
as it is in most instances in nonpregnant indi- 
viduals, This in no way detracts from the im- 
portance of its recognition, confirmation. of 
diagnosis by laboratory means, and_ proper 
treatment. The disease stands as a challenge 
to our investigative ability. 

TREATMENT 

The treatment of acute pancreatitis during 
pregnancy is carried out under medical man- 
agement unless some complication arises re- 
quiring surgical intervention” During the 
acute phase treatment is directed toward sup- 
pressing pancreatic secretions and placing the 
organ at rest. This may be accomplished in 
several ways, each depending upon the factors 
involved in pancreatic secretion, (1) Con- 
tinuous gastric suction is employed to decrease 
the amount of hydrochloric acid reaching the 
duodenum, ‘This in’ turn diminishes — the 
amount of prosecretin activated to secretin 
and thus reduces the stimuli to pancreatic 
secretion, (2) Stimulation of the vagi is con- 
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trolled by atropine, which should be given to 
tolerance, in order to diminish pancreatic se- 
cretion as much as possible. (3) Blood glucose 
levels directly influence pancreatic enzyme 
secretions (2). Hypertonic glucose and even 
isotonic solutions stimulate a greater discharge 
of pancreatic enzymes. Tor this reason nor- 
mal saline should be given during the acute 
phase and 2.5 per cent glucose when the acute 
jhase is subsiding. (4) Glandular secretions 
during periods of dehydration are diminished. 
These patients should therefore not be overly 
hydrated, and only enough fluids should be 
given to maintain adequate water balance. 
Larger volumes of intravenous fluids should 
be avoided. 

Intravenous caicium gluconate may be 
given to combat any drop in serum calcium. 
Intravenous or oral potassium is indicated 
when the serum potassium falls below a level 
of 12 milligrams per cent (21). In Case 1, 
Group I, potassium therapy could probably 
have been used with benefit. 

Surgical treatment is reserved for drainage 
of pseudocysts and other complications. Any 
prolonged elevation of blood amylase values 
indicates activity of the disease and requires 
constant observation. In Case 1, Group II, 
the serum amylase was 231 on the day of her 
first discharge. It is now believed that this 
level is high enough to warrant active treat- 
ment, especially in patients near term. 

Recurrent attacks of the acute disease are 
common, Because of the high pancreatic se 
cretory response to fat, the diet should be low 
in fatty foods. ‘The meals should be small. 
Alcohol and highly spiced foods should not be 
taken. ‘Tincture of belladonna given to toler- 
ance 6 days a week will diminish pancreatic 
secretions. In the presence of a known high 
gastric acidity, aluminum hydroxide prepara- 
tions may be used as neutralizing agents. In 
this event, however, additional iron must be 
given to compensate for that not absorbed in 
the presence of aluminum hydroxide. 

Penicillin was used during the acute phase 
in several patients. There is a definite possi- 
bility of secondary bacterial complications 
following the original chemical insult. For 


this reason prophylactic penicillin would seem 
indicated. 
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Study of gallbladder function by the use of 
dye should always be done in patients with 
pancreatitis. If calculi are demonstrable, the 
problem of therapy becomes difficult when the 
patient has repeated attacks of pancreatitis or 
cholecystitis or both. If possible, surgery 
should be delayed until after delivery. 


SUMMARY 


Nine cases are presented of acute pan- 
creatitis complicating pregnancy or the post- 
partum period. Eight of the 9 were Mexican 
women, One of these developed a huge pseu- 
docyst necessitating surgical drainage. 

Acute pancreatitis occurring during preg- 
nancy presents the usual clinical triad of epi- 
gastric pain, nausea, and vomiting. It may 
occur in any stage of pregnancy or the puer- 
perium, in both primiparous and multiparous 
women, and in a wide age range. Irom the 
literature it appears that primiparous women 
with gallstones are more susceptible to the 
disease. As the disease varies greatly in sever- 
ity, it should always be considered in differ- 
ential diagnosis of acute abdominal crises com- 
plicating pregnancy as well as in hyperemesis 
gravidarum. The diagnosis can usually be 
confirmed by serum amylase and urinary dia- 
stase studies. 

The treatment is conservative medical man- 
agement. Complications such as pseudocysts 
may arise and require surgical drainage. Se- 
vere serum electrolyte changes may occur and 
should be corrected during the acute attack. 
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BACITRACIN IN NEUROSURGICAL INFECTIONS 


PAUL TENG, M.D., IRA COHEN, M.D., F.A.C.S., and 
FRANK -L. MELENEY, M.D., F.A.C.S., New York, New York 


URING the past 2 years, 33 patients 
with infection involving the central 
nervous system and its coverings 
have been treated with bacitracin. 

Six of these patients had chronic osteo- 
myelitis of the skull and epidural abscess, 
1 had chronic osteomyelitis of the spine, 14 
had septic meningitis, 4 had brain abscess, and 
8 had an infected laminectomy wound. In 
addition to these 33 patients, bacitracin was 
used prophylactically in 12 cases of contam- 
inated craniotomies, 1 cranioplasty, 2 com- 
pound fractures of the skull, 1 fracture of the 
base of the cranium, and 1 cervical laminec- 
tomy. In 11 cases of clean neurosurgical oper- 
ations—7 topectomies, 1 transfrontal crani- 
otomy, 2 cranioplasties, and 1 old depressed 
fracture of the skull, this antibiotic has been 
applied locally to the surgically treated area 
of the brain as a postoperative prophylactic 
measure. These 61 cases serve as a basis for 
this communication (Tables I and IT). 


CHRONIC OSTEOMYELITIS OF THE SKULL 
AND EPIDURAL ABSCESS 

Six cases of infections of the skull with 
epidural abscess were treated with local ba- 
citracin as supplementary therapy to the 
surgical removal of the infected tissues. In 
addition to this local treatment, the patients 
were given systemic bacitracin or penicillin or 
both antibiotics. 

One patient had a chronic osteomyelitis of 
the right frontal bone resulting from radium 
therapy for a hemangioma of the scalp. The 
infection had been treated for 7 months with 
local and systemic sulfonamides and penicillin. 
In spite of this treatment the wound showed 
no improvement and discharged thick pus 
continuously and profusely. Culture of the 
wound revealed a Staphylococcus aureus 


From the Department of Neurosurgery, Mount Sinai Hospital 
and the Department of Surgery, College of Physicians and 
Surgeons, Columbia University. 


which was highly resistant to all available 
antibiotics, including penicillin, streptomycin, 
chloromycetin, aureomycin, and _ bacitracin 
but a synergism of bacitracin and penicillin 
was demonstrated in vitro. One-tenth of a 
unit of penicillin plus 0.4 unit of bacitracin 
completely inhibited the growth of the organ- 
ism. Otherwise, it required 20 units of bacitra- 
cin or 12.5 units of penicillin to prevent 
growth. After a period of 10 days’ treatment 
with local penicillin and bacitracin, the wound 
became clean and the discharge scanty. The 
osteomyelitic bone, an epidural abscess and 
the infected granulations were removed by 
operation. The wound was closed with steel 
wire and into the wound 20,000 units of 
bacitracin and the same amount of penicillin 
were injected. This local treatment was sup- 
plemented with systemic bacitracin, 10,000 
units every 6 hours and procaine penicillin, 
300,000 units twice a day for 8 days. The 
wound was healed on the 7th postoperative 
day except for a small area where the wound 
edge, which was inverted, epithelized 2 weeks 
later with no discharge noted at any time. 
Two patients out of 250 cases included in 
the second Columbia-Greystone Psychosur- 
gery project (1948) had infection of the bone 
flap after a bilateral prefrontal topectomy. 
One patient had a mild scalp infection before 
operation and the other tore off her dressing 
and scratched the wound on the evening of the 
day of operation. Culture of the wounds 
yielded a nonhemolytic Staphylococcus aureus 
which was found to be completely resistant to 
penicillin but susceptible to bacitracin. Con- 
servative treatment was of no avail and there- 
fore in both cases the bone flap was removed. 
The epidural abscess was evacuated and the 
infected granulations were curetted. Ten 
thousand units of bacitracin were instilled 
into the epidural space after the wound had 
been closed. Both patients received systemic 
bacitracin by the intramuscular route, 20,000 
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VABLE |, CASES OF DIFFERENT KINDS OF NEU 
ROSURGICAL INFECTIONS TREATED WITH 
BHACTPRACIN 

Nature of wounds and Vac ‘ 

. deedlntsintinc No, of |Haettra Penicillin 
the causative or ein Kenult 
i tases nensitive 
Hanianis aensitive 
Chronte axteomyelitis 
of skull 
Staphylococcus Rapid and com 
aureus plete healing 
6 6 ry in all 
Chronte osteomyelitis 
of spine 
Staphylococcus ' biret two re) No effect 
aureus orkan 
Staphylococets inti 
albus 
Hacillus aerogenes | 
Hacillus pyocvaneus | 
} | 
Candida albicans | 
(AL from t wound) | 
Menminudlix 
Staphylococcus 6 6 ° s cured, t dled 
Streptococetis } ) ° » cured, + died 
Preutiococets : ; ’ > cured 
Cocei, unidentified > cured 
Mixed infection | : ' ' 2 led 
Hirain abscers 
Staphyiocoectia 
aureus | ’ ’ o t cured, ¢ died* 
Streptococctin | 
viridans | ' ' ° 1 cured 
| 
Mreumococeus | i 1 ' 1 cured 
| 
Iafected laminectomy | 
wound | 
Cervical laminecto. | | 
my | | 
| | 
Staphylococcus — | | 
auretin | i i | 
| 
Staphylococeta | Rapid and com 
albus ' | ' | oO plete healing in 
| all 
Lumbonaacral | | 
laminectomy | | 
Staphylococc ts | | 
aureus , : © | 
Staphylococets | 
albus | : | | o 
} 
Votal Aa | 
| 


*thed s months later from an inoperable brain tumor 


units every © hours for 7 days. The wound of 
) patient healed per primam and the other had 
an area with an inverted edge which was 
epithelized 3 weeks later, 

The same treatment was given to 2 other 
patients, one had an infected right frontal 
craniotomy wound following the removal of a 
meningioma and the other had a compound 
fracture of the frontal bone. Surgical removal 
of the infected tissues and the local instillation 
of bacitracin resulted in a primary healing of 
the operative wound in both cases. In none 





of the cases described was the dura injured 
during the removal of the infected bone flap 
and the infection involved only the tissues 
outside the dura mater, 

The 6th patient had a huge epidural abscess 
under a right frontal bone flap. ‘The dura was 
accidentally torn for about 2 inches while the 
lap was being removed. ‘The wound was irri- 
gated with bacitracin solution containing 500 
units per cubic centimeter and 20,000 units of 
the antibiotic were deposited in the epidural 
and the subdural space. The wound was 
closed with a drain in the epidural space, 
‘Twenty-four hours later the drain’ was te- 
moved and 10,000 units of bacitracin in 4 
cubic centimeters of normal saline were in- 
jected into the wound through the skin. This 
was repeated again on the third postoperative 
day. Systemically, the patient was given 
bacitracin 10,000 units every 6 hours for 2 
weeks. The stitches were removed on the 8th 
day, when it was found that the wound edge 
was inverted for about 1! centimeters. How- 
ever, it was completely epithelized 2 weeks 
later during which time there was no dis- 
charge from the wound, 

The causative organism was a_penicillin- 
resistant Staphylococcus aureus in every pa- 
tient of this group. In all but the first patient 
the organism was found to be susceptible only 
to bacitracin. Therefore, bacitracin was used 
locally and systemically with or without par- 
enteral penicillin in every patient in addition 
to the surgical removal of the infected tissues, 
A rapid and complete healing of the wound 
was obtained in every instance. Local peni- 
cillin was combined with bacitracin in the 
first patient on account of the synergism of 
these two antibiotics neither one alone being 
able to inhibit the growth of the organism in 
vitro, 


CHRONIC OSTEOMYELITIS OF THE 
LUMBOSACRAL SPINE 


Bacitracin has been tried in 1 patient with 
chronic osteomyelitis of the lumbosacral ver- 
tebrae resulting from an infected laminectomy 
wound for a herniated intervertebral disc. The 
wound was infected by a Staphylococcus aure- 
us,a Staphylococcus albus, a Candida albicans, 
an Acrobacter aerogenes and a Pseudomonas 
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pyocyanca. The former two organisms were 
susceptible to bacitracin but all were resistant 
to sulfadiazine, penicillin, tyrothricin, and 
streptomycin which had been used in exces 
sive amounts without producing any good re 
sult on the wound. With the infected verte 
brace that could not be surgically removed, 
bacitracin, too, exerted no effect. The wound 
remained a discharging sinus after an inten- 
sive treatment with bacitracin for 12 days. 
This case was under the care of Dr. William 
Sandusky of Charlottesville, Virginia. 


PURULENT MENINGITIS 


rom January, 1948, to April, 1950, in sev- 
eral different hospitals, 14 patients with puru- 
lent meningitis have been treated with baci- 
tracin under the direction of one or more of 
the authors of this paper. The causative or- 
ganisms were staphylococcus in 6, nonhemo- 
lytic streptococcus in 2, pneumococcus in 2, a 
mixture of organisms in 2, and an unidentified 
gram positive coccus in 2 patients. 

In the group of 6 patients of staphylococcic 
meningitis 5 have been reported in a separate 
article (4). All of these 6 patients were treated 
with bacitracin by the intrathecal or by the 
intraventricular or by both routes whenever 
such was indicated. This local treatment was 
supplemented by the intramuscular injections 
of bacitracin and other antibiotics when they 
seemed indicated. In every instance, the cau- 
sal organism was found to be resistant to peni- 
cillin which, in fact, had been previously used 
in excessive amounts both by subarachnoid 
and by intramuscular injections and still with 
no benefit. Following bacitracin therapy, 5 
patients survived and 1 died from an irremov- 
able tumor in the pineal region causing a com- 
plete block of the ventricular system. 

Of the other 8 cases, 7 were the basis for 
another report (2). Five survived and 3 died. 
One died from a middle cerebral artery throm- 
bosis, extensive cerebral infarction and cere- 
britis caused by a Pseudomonas pyocyanea and 
a Staphylococcus aureus. One died from multi- 
ple brain abscesses and a long standing exten- 
sive purulent encephalitis infected by a non- 
hemolytic streptococcus and a hemolytic Sta- 
phylococcus albus and 1 from an undisclosed 
brain abscess, streptococcic meningitis, exten- 
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TABLE Il.—PREVENTIVE BACITRACIN IN CON- 
TAMINATED OR CLEAN NEUROSURGICAL WOUNDS 


No 0 
Nature of wound ; —# Result 
| Contaminated wounds 
Craniotomy te Primary healing, 7 
Postoperative deaths, § 
Cranioplasty t Primary healing 
Compound fracture of skull No infection; healed by 
with loss of brain tissues It granulation and skin graft 
Fracture base of skull i No infection 
Vracture frontal sinus " Primary healing 
Laminectomy, cervical 1 Primary healing 
LL. Clean wounds 
Prefrontal topectomy, 
bilateral 7 Primary healing, 7 
Craniotomy 1 Primary healing 
Cranioplasty Primary healing 
Depressed fracture of 
skull, operation 1 Primary healing 
Total 28 








sive bronchopneumonia, and cardiac failure. 

In this series of 14 cases of septic meningitis, 
8 patients were treated with bacitracin after 
penicillin and/or other antibiotics and sul- 
fonamides had failed, 6 survived and may be 
called ‘‘salvaged’’ cases. Six patients were 
treated primarily with bacitracin by intra- 
cranial or subarachnoid therapy or both sup- 
plemented with systemic penicillin and baci- 
tracin, 4 recovered. Thus, in a small series of 
14 patients with purulent meningitis treated 
by this combined antibiotic therapy, 1o re- 
covered, a survival rate of 71.4 per cent. 
Among the survivals the youngest was 6 weeks 
and the oldest 76 years of age. 

The dosage of intracerebral, intraventricu- 
lar, and intrathecal bacitracin is tabulated in 
Table III. However, a dosage 2 to 5 times 
larger than the tabulated amount has been 
used repeatedly since then in patients with 
intracranial infections without showing any 
toxic effect on the central nervous system. 

The following is the history of a patient who 
had an otogenic pneumococcic meningitis 
treated with intrathecal bacitracin supple- 
mented by systemic penicillin and bacitracin. 


P.R., aged 33 years, male, on the service of Dr. 
Israel Wechsler, was admitted to the Mount Sinai 
Hospital on February 28, 1950 and was discharged 
on April 26, 1950. 
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TABLE LL,—-DOSAGE OF BACTTRACIN FOR LOCAL 
APPLICATION TOTHE CENTRAL NERVOUS SYSTEM 


| 
| Route of Tnjection in Unite (Macitracin) | 








Aue in years | litracere 
i] 
tatraven Hatracis re 
litrathecal | 
tricular ternal 
Helow §00 1,000 | 140 §00 | 150 400 250 §00 
itag 1,000 Preys) | 5,00 400 
qty 3,000 1,000 | 1,000 1,000 
| 
gs too 4,000 | 1,490 1,400 1,400 
| 
a tod 4,000 — sf 2,000 1,000 | 2,000 
ote to 4,000 | 2,000 | 2,000 2,000 
| | 
ii tata 4,000 | 400 oo | 2,400 
| 
tatoty | §,000 | §,000 | 4,000 | rer 
| | | 
| | | 
if and over | 16,000 10,000 | 10,000 | 10,000 


Por to years before admission, the patient had 
had repeated attacks of ear pain associated with 
severe headaches, During each attack a thick 
whitish discharge drained from both ears, ‘Two days 
hefore admission the patient began to have pain in 
the right ear, the head, and the back of the neck 
On the following day he had chills and fever, He 
was then given t injection of penicillin, 300,000 units 
by the intramuscular route, Twelve hours later he 
heecame incoherent in speech, lethargic, restless, and 
complained of intolerable headache, Tle vomited 
repeatedly 

On admission, the patient was found acutely ill, 
semistuporous, and restless, He could neither under 
stand nor answer simple questions, ‘The neck was 
markedly rigid, Brudzinski and Kernig's signs were 
clicited on both sides, ‘The pupils were pin-point in 
size and both ear drums were found to be ruptured 
in the anterior portion with mucopurulent discharge 
Granulation tissue was seen filling the middle ear on 
the right side, Neurological findings were all normal 
Blood pressure was 130/80; pulse rate ©20; respira 
tion 30 per minute; and the reetal temperature was 
104.5 degrees FL Laboratory findings ineluded a 
white blood cell count of 17,000 with So per cent of 
polymorphonuclears, Urine contained 2 plus albu- 
min and a few white blood cells, 

Shortly after admission, the patient went into 
coma and reacted only to painful stimuli, A lumbar 
puncture was immediately done, Cloudy cerebro 
spinal tluid which was under a markedly increased 
pressure and which contained 6,100 neutroeyvtes per 
cubic millimeter was obtained, Culture and direct 
smear of the cerebrospinal tluid disclosed a Pheumo 
coceus type V, From the throat culture, a Strepto 
coccus viridans and a catarrhalis were isolated, 
Culture of the right ear grew a Staphylococcus albus 
B and from the left ear a Staphylococcus albus A 
anda B, 

Immediately after the diagnosis of pneumococcic 
meningitis had been established, the patient: was 
given 100,000 units of crystalline penicillin by the 


intramuscular route and 4 grams of sodium sulfa. 
diazine through a superficial vein, Five hours later 
his unconsciousness was further deepened and be. 
cause of the severity of the infeetion, it was decided 
to use bacitracin, ‘Thirty thousand units of this 
antibiotic in 6 cubie centimeters of normal saline 
were injected into the lumbar subarachnoid space, 
The intratheeal therapy was supplemented with 
systemic bacitracin, 20,000 units every 6 hours and 
procaine penicillin 300,000 units 4 times a day, His 
temperature rose to 106 degrees Py in the late after. 
noon but dropped to ro2 degrees FL 2 hours later, 

Iwelve hours following the intrathecal injection 
of bacitracin, he could be aroused by calling his 
name, THe beeame restless and had to be restrained, 
Nevertheless, he could answer simple questions in 
Spanish which was his mother tongue, Neurological 
examination revealed a hemiparesis, hemihypalgesia, 
including the face, a homonymous hemianopsia, and 
a Babinski sign on the left: side. Therefore, an 
abseess of the right temporal lobe was suspected, On 
this day, the cerebrospinal fluid contained £26 milli 
grams per cent of total protein and 12,250 white 
blood cells and was under a pressure of 420 milli- 
meters of water, His body temperature tluctuated 
between 100.8 to 102.6 degrees FL He vomited once 
in the morning but asked fora drink of pepsicola and 
orange juice in the afternoon, In the evening he 
received the second dose of intrathecal bacitracin, 
10,000 Units in 4 cubie centimeters of physiological 
saline, 

On the grd day after admission, the cell count of 
the cerebrospinal fluid dropped to 2,040, the pressure 
was 280 millimeters, and the total protein was 186 
milligrams per cent, ‘Twenty thousand units of 
bacitracin were instilled into the lumbar spinal canal 
and this was repeated on the qth and the sth day, 
The systemic dosage of bacitracin was increased to 
20,000 units every 4 hours instead of every 6 hours, 

wo days later (sth day after admission) he was 
fully alert and he recognized for the first time that 
he was ina hospital, He answered questions accu 
rately and this time in English which he spoke well, 
The cerebrospinal fluid contained 630 neutrocytes 
per cubie millimeter and 75 milligrams per cent of 
total protein, His body temperature was 100 de 
grees Ff, ‘There was no discharge seen from the ears, 
His incontinence of urine had stopped. 

On the following day, the left) homonymous 
hemianopsia and the Babinski sign all disappeared, 
The left) hemihypesthesia and hemiparesis were 
markedly improved. He was then given the last 
intrathecal injection of bacitracin, 10,000 units, 

On the next day, he was sitting in a chair. His 
body temperature was normal and thereafter re 
mained so, ‘There was no sensory change that could 
be elicited. A slight weakness of the left arm and 
hand still could be demonstrated. On the 8th day 
the systemic bacitracin was reduced to every 6 hours 
and was stopped on the oth day, ‘The intramuscular 
dosage of penicillin was halved from the 8th to the 
toth day and reduced to 300,000 units every 24 
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hours for the next 3 days and then was discontinued, 
He was able to walk around on the ward after the 
oth day with no abnormal neurological findings. 

A lumbar puncture on the 13th day produced 
dear cerebrospinal fluid containing ro cells and 120 
milligrams per cent of total protein. The cerebro 
ginal fluid pressure was 120 millimeters, Roent 
genogram ol the skull showed that both mastoids 
were sclerotic but there were no signs of bone de 
struction. 

During the first 6 days of bacitracin treatment, 
the urine Showed albumin => to ¢e-b > and gran 
ular casts “bh. Four days later the urine contained 
only + albumin and no casts and became clear 2 
days after the systemic bacitracin had been stopped. 
During and after the course of this treatment, the 
blood urea nitrogen was 1s and 17 milligrams per 
cent, respectively, 

The electroencephalogram demonstrated a diffuse 
cerebral dysfunction without evidence of a focal 
lesion on the roth day of admission. One week later 
an irritative focus in the right temporal lobe was 
recorded on top of a diffuse cerebral dysfunction, 
This focus was found to be smaller in the following 
week and disappeared on the 37th day. Neverthe 
less, there was still a diffuse 4 to 6 per second 
activity on the right side but less abnormal than 
the previous recordings. 

Because of this abnormal electrocncephalogram 
finding, a localized abscess in the right temporal lobe 
was suspected, Because the causal organism was 
found to be sensitive to all available antibioties and 
even though all of the neurological findings were 
normal, he was again put on systemic penicillin, 
300,000 units twice a day for 30 days after it had been 
stopped for 3 days, During this period he had no 
complaint and repeated neurological examination 
failed to demonstrate any abnormal signs. ‘The 
cerebrospinal fluid was clear, containing 49 milli 
grams per cent of total protein and 7 lymphocytes. 
There was no discharge from his ears. At the end 
of the 7th week, a right sided mastoidectomy was 
performed by the otologists who expected to find an 
epidural abscess but only a scanty amount of organ 
ved granulation tissues was found and was removed, 
he patient was discharged from the hospital o days 
later, 


This case illustrates the effectiveness of ba 
citracin-penicillin§ therapy in) pneumococcic 
meningitis. The portal of entry of infection in 
this patient was most likely the middle ear, al 
though cultures of the ears and the throat 
lailed to grow out the same organism as that 
lrom the cerebrospinal fluid. The pneumo 
coccus that infected the cerebrospinal fluid 
was found to be sensitive to sulfadiazine and 
all available antibiotics, including penicillin, 
bacitracin, chloromycetin, and aureomycin. 
However, there was no response to large doses 
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of penicillin and sulfadiazine. When bacitra 
cin was added to the therapy both intrathe 
cally and intramuscularly not only did the 
meningitis rapidly clear up but also the cerebri 
tis involving the right temporoparietal region 
that might have resulted in a brain abscess. 
The transient hemiparesis, hemihypalgesia and 
the hemianopsia pointed to the diagnosis of 
cerebritis and the diffuse cerebral dysfunction 
demonstrated by the electroencephalogram 
during the convalescent period was probably 
the result of thrombosis of the small cortical 
vessels which had been bathed in the infected 
cerebrospinal fluid. It is significant that the 
intrathecal injection of 10,000 to 30,000 units 
of bacitracin produced no untoward effect on 
the central nervous system, cither immediate 
or remote, 


BRAIN ABSCESS 

Four patients with brain abscess were treat 
ed with local bacitracin plus surgical interven- 
tion, supplemented by intramuscular penicil 
lin or bacitracin or both. One patient had a 
subdural abscess in the right frontal region 
after a right sided prefrontal topectomy. The 
infection was caused by a strain of penicillin- 
resistant Staphylococcus aureus. The abscess 
was drained and through an inlying catheter 
10,000 units of bacitracin were instilled into 
the abscess cavity every 3 hours for 31 days 
and 5,000 units every 12 hours for 1 week. In 
addition to the local treatment, the patient 
was also given systemic bacitracin and penicil- 
lin. She made a complete recovery. 

The second patient had an otogenous ab- 
scess of the right temporal lobe associated with 
Streptococcus viridans meningitis. In spite of 
the intensive treatment with sulfonamides and 
penicillin for 24 days, the abscess ruptured 
into the lateral ventricle and the patient went 
into deep stupor. Therefore, it was decided to 
use bacitracin which was given by repeated 
instillations into the abscess cavity and by 
intrathecal, intraventricular, and intramuscu- 
lar injections. After 15 days treatment with 
bacitracin, the patient recovered. This case 
was fully covered in the report on septic 
meningitis (2). 

rom the right temporal lobe of the 3rd,pa- 
tient, a well encapsulated abscess, the size of a 
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walnut, was enucleated. At the end of the 
operation, 10,000 units of bacitracin and the 
same amount of penicillin in 4 cubic centime- 
ters of normal saline were deposited in the 
cavity from which the abscess had been re- 
moved. The culture of the abscess yielded a 
Pneumococcus type III which was sensitive to 
both bacitracin and penicillin. Postoperative- 
ly, the patient received only systemic penicil- 
lin, 1,600,000 units daily for 26 days. The 
postoperative course was uneventful and the 
wound healed per primam on the 7th day. 

The fourth patient had multiple abscesses 
in a huge spongioblastoma multiforme involv- 
ing the left cerebral hemisphere from the 
frontal to the occipital lobe. The record seems 
to indicate that the bacitracin therapy cleared 
up the infection but the patient died from the 
brain tumor. The history is presented in the 
following notes. 


E.H., aged 48 years, male, on the service of Dr. 
Ira Cohen, was admitted to the Mount Sinai Hos- 
pital on August 22, 1949 and died on April 4, 1950. 

Sixteen days before admission, while at work, the 
patient noted a peculiar but not unpleasant smell, 
an odor of fresh meat. As time went on this olfac- 
tory aberration occurred more frequently and lasted 
much longer than it had in the first week. At the 
same time he had nocturia up to 8 times every night. 

Physical examination revealed that the lungs and 
heart were normal. Neurological examination dis- 
closed a right sided hemiparesis including the face, 
aphasia in all spheres, right and left confusion, and 
inability to perform complicated or serial commands. 

Laboratory findings showed a white blood cell 
count of 10,100 with 87 per cent polymorphonu- 
clears, erythrocyte sedimentation rate 62 millimeters 
per hour. The cerebrospinal fluid pressure was 210 
millimeters and contained 63 milligrams per cent of 
total protein and 3 cells. Electroencephalogram 
disclosed a focal lesion in the left inferior frontotem- 
poral region. Ventriculogram demonstrated a shift 
of the ventricular system to the right side. 

On September 15, 1949, a left temporal bone flap 
was turned down and a biopsy of the tumor was 
taken. It was reported a spongioblastoma multi- 
forme. The lower part of the bone flap was removed 
for a subtemporal decompression. Postoperatively, 
the patient was given a daily intramuscular injection 
of penicillin, 300,000 units. On the 4th day, the 
wound was found to be infected and a culture yielded 
a Staphylococcus aureus, resistant to penicillin but 
susceptible to bacitracin. Forty thousand units of 
bacitracin were instilled into the wound through the 
decompression area once a day for 5 days and no ill 
effects were observed. The wound was irrigated 
daily with 10,000 units of bacitracin for 2 weeks and 


systemically, the patient was given 1,200,000 units 
of penicillin a day for 25 days, during which time 
his body temperature remained normal but the 
wound refused to heal. The tumor rapidly grew in 
size and the increased intracranial pressure pushed 
the bone flap outward beneath the scalp to the size 
of a half pound potato. Finally, the skin covering 
the central portion of the decompression area broke 
down. Although he was aphasic and hemiparetic 
still he was able to walk around the ward. 

On the 38th postoperative day, the patient sud- 
denly developed neck rigidity and simultaneously 
his temperature rose to 104 degrees F. The cerebro- 
spinal fluid was found to be cloudy, containing 160 
milligrams per cent of total protein and 590 neutro- 
cytes. The pressure was 520 millimeters. Culture 
of the cerebrospinal fluid showed no growth. Ten 
thousand units of bacitracin in 4 cubic centimeters 
of normal saline were injected into the subarachnoid 
space through the lumbar region. On the next day, 
the wound was examined with a gloved finger and 
1o cubic centimeters of thick pus were evacuated 
from under the bone flap. Culture again yielded the 
staphylococcus described previously. Twenty-four 
hours later, the patient’s neck became soft and he 
was less lethargic than before. The cerebrospinal 
fluid was clearer. In spite of the intensive parenteral 
antibiotic therapy, penicillin, 1,200,000 units a day 
and bacitracin, 10,000 units every 8 hours, his temp- 
erature showed a septic pattern, fluctuating between 
103 to 104 degrees F. Therefore, on the fourth day 
of treatment, it was decided to leave him alone, all 
antibiotics were stopped. 

Three days later, for the purpose of a clinical trial, 
30,000 units of bacitracin in 6 cubic centimeters of 
physiological saline were injected directly into the 
infected brain tumor through the decompression 
area. Unexpectedly, this desperate attempt brought 
his body temperature from 103.6 degrees down to 
98.6 degrees F. in crisis. On the next day it rose 
again to 101.5 degrees F. but 24 hours later it dropped 
again and thereafter stayed around 100 degrees F. 

On the 3rd day following the first intracerebral 
injection, another 50,000 units were given in 5 cubic 
centimeters of normal saline by the same route. This 
single large intracerebral dose of bacitracin produced 
no convulsion nor any other untoward effect, in- 
stead, the patient was more alert than he had pre- 
viously been. Thereafter, a series of 5 intracerebral 
instillations of bacitracin, varying from 10,000 to 
30,000 units, were given in a period of g days, dur- 
ing which time his temperature remained normal 
and again he was able to walk around the ward. 

Twenty-four hours later, he was brought to the 
operating room for an internal decompression, hop- 
ing that the wound might heal and he could be sent 
back home. This was done through a large fronto- 
temporoparietal bone flap. The infected bone flap 
of the previous operation, the infected and tumor 
infiltrated temporal muscle, 1 epidural, 1 subdural, 
and 3 intracerebral abscesses amid the tumor as well 
as two-thirds of the brain tumor in the left temporal 
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lobe were removed. The temporal horn of the left 
lateral ventricle was opened during the procedure. 
The wound was tightly closed without a drain and 
50,000 units of bacitracin in 10 cubic centimeters of 
normal saline were deposited in the cerebral wound 
without causing any untoward symptoms. On the 
next day, another 30,000 units of bacitracin in 6 
cubic centimeters of normal saline were instilled into 
the intracranial cavity through the sutured wound. 
Postoperatively, he was given intramuscular ba- 
citracin, 10,000 units every 6 hours and penicillin 
300,000 units 4 times a day for 12 days. The sutures 
were removed 12 days later and the wound was 
healed per primam. His temperature was normal 
(Chart 1). 

However, 1 week after the stitches had been re- 
moved, the skin above the left ear broke down from 
pressure necrosis. The wound was dressed daily 
with bacitracin ointment and culture of the wound 
repeatedly showed no growth. The patient walked 
out of the hospital 3 weeks later. 

Eight days after discharge he was again brought 
back into the hospital because of the leaking of 
cerebrospinal fluid from the wound above the ear. 
The discharging sinus communicated directly with 
the temporal horn of the left lateral ventricle. Cul- 
ture of the ventricular fluid was repeatedly negative. 
The fluid contained 2 lymphocytes per cubic milli- 
meter. Immediately after admission, 50,000 units 
of bacitracin in 5 cubic centimeters of physiological 
saline were injected into the ventricle through the 
sinus and this was followed by 2 succeeding injec- 
tions of the same amount every other day. The 
wound was dressed daily with hypertonic saline and 
bacitracin soaked gauze. Systemic bacitracin and 
penicillin in the previously described doses were 
again administered for 2 weeks at the end of which 
time the leaking of the cerebrospinal fluid stopped. 





The wound was completely healed 4 weeks later. 
A left cerebral angiogram was performed and dis- 
closed a distortion of both the anterior and the 
middle cerebral arteries. He remained bed-ridden 
and totally aphasic and finally died 3 months after 
the second admission. 

Autopsy revealed an enormous brain tumor in- 
volving all lobes of the left hemisphere but there was 
no evidence of abscess or infection. 


This case illustrates that bacitracin can be 
safely administered by the intracerebral and 
by the intraventricular routes in a dosage as 
large as 50,000 units at a time and repeated 
daily without causing any cerebral symptoms. 
The surgical extirpation of the abscesses and 
the infected tumor supplemented-by the local 
application of bacitracin and parenteral injec- 
tions of bacitracin and penicillin, resulted in 
the primary healing of an extensive as well as 
a badly infected craniotomy wound, a remark- 
able result of therapy. The causative organ- 
ism in this case was found to be completely 
resistant to penicillin but highly susceptible to 
bacitracin, in vitro. Therefore, penicillin 
alone, would not have been able to control the 
infection. Furthermore, penicillin, 50,000 
units by the intracerebral or by the intraven- 
tricular injection, is a convulsive dose. It is of 
special interest that the intracranial adminis- 
tration of bacitracin without intramuscular 
injections had produced no renal disturbance, 
such as albuminuria or cylindruria. 
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BACITRACIN IN INFECTED LAMINECTOMY 
WOUNDS 

Postoperative infection developed in 8 la- 
minectomies, 4 in the cervical and 4 in the 
lumbosacral region. Seven patients had her- 
niated intervertebral disc and 1 had a schwan- 
noma in the cervical segment of the spinal 
canal. The intradural space was explored in 
all 4 cervical cases and the dura was closed at 
the end of the operation in 3. In all 8 cases, 
the infection involved only the soft tissues 
outside of the dura. In every case procaine 
penicillin, 300,000 units once or twice a day 
by the intramuscular route had been given 
postoperatively for 6 or 7 days, but in spite of 
this prophylactic measure, infection occurred. 
Four were infected by a Staphylococcus au- 
reus and 4 by a Staphylococcus albus. All 
organisms were found to be resistant to peni- 
cillin but sensitive to bacitracin by the labora- 
tory tests. Bacitracin, in a dosage of 5,000 to 
10,000 units in 2 to 5 cubic centimeters of 
normal saline, was used daily for local wound 
dressing and in addition to this local therapy, 
6 patients received intramuscular bacitracin, 
10,000 units every 6 to 8 hours for 7 or 10 
days. This combined treatment brought all 
of these infections under control and pre- 
vented the infection from involving the bone 
and the deeper tissues. Complete wound heal- 
ing was secured from 3 to 5 weeks after the 
start of the treatment. None of these patients 
developed meningitis, epidural abscess, or os- 
teomyelitis of the spine. 


BACITRACIN IN CONTAMINATED NEURO- 
SURGICAL WOUNDS 


Secondary craniotomies through the same 
incision after a previous operation and within 
a period of less than 4 weeks, craniotomy 
through infected skin, craniotomy following 
a previously infécted wound such as epidural, 
subdural, intracerebral abscess or chronic os- 
teomyelitis of the skull and healed for less than 
6 months, fracture of the base of the skull or a 
sinus of the cranium and a peripheral nerve 
anastomosis of a fresh traumatic wound, are 
all considered contaminated and therefore po- 
tentially infected wounds. The incidence of 
postoperative infection in such cases is high. 
Moreover, nowadays the extensive use of peni- 


cillin has resulted in an increasing number of 
infections caused by penicillin-resistant sta- 
phylococci or streptococci. In 1949, Rountree 
and Thomas reported 228 strains of Staphy- 
lococcus pyogenes isolated from 196 patients, 
121 or 53 per cent of which were resistant to 
penicillin (1). Therefore, should infection oc- 
cur following the second operation, in spite of 
postoperative prophylactic penicillin, further 
treatment with penicillin is usually found to 
be ineffective. For this reason, bacitracin has 
been used by intracranial application in 12 
cases of potentially infected craniotomies, 9 
for the excision of meningiomas, 2 for an 
ependymoma in the right lateral ventricle, and 
1 for a transitional glioma in the right tem- 
poroparietal region. The dosage of bacitracin 
applied to the surgically treated area of the 
brain or into an opened ventricle, varied from 
10,000 to 50,000 units in a concentration of 
2,500 to 5,000 units per cubic centimeter of 
normal saline. In addition to the local ad- 
ministration, 9 patients received intramuscu- 
lar injections of bacitracin, 10,000 units every 
6 or 8 hours together with procaine penicillin, 
300,000 units 2 or 4 times a day, from 1 week 
to 10 days and the other 2 patients were given 
only systemic penicillin. The other case re- 
ceived no supplementary intramuscular anti- 
biotic. 

One patient who had a fracture of the base 
of the skull received only parenteral bacitra- 
cin, 10,000 units every 6 hours for 6 days. To 
one patient who sustained a depressed frac- 
ture of the frontal bone involving the frontal 
sinus, 10,000 units of bacitracin were deposit- 
ed in the wound after the fracture had been 
elevated by an operation. (n the next day, 
the same amount of bacitracin was injected 
into the wound through the sutured incision. 
Postoperatively, he was given only systemic 
penicillin in a dosage of 300,000 units 4 times 
a day for 11 days. 

One patient who was known to be a diabetic 
had a gunshot wound of the skull with the loss 
of brain tissue involving the left motor area of 
the arm. The wound was immediately débrid- 
ed and a piece of bone measuring 1 inch across 
and covering the motor cortex of the arm 
area, was removed. Owing to her poor cardiac 
condition, no further attempt was made to 
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close the wound. It was packed daily with 
gauze tape soaked with 2,500 units of bacitra- 
cin solution for 7 weeks and the wound healed 
by granulation and skin grafting. During the 
course of this local treatment with bacitracin, 
no infection nor muscular twitchings nor con- 
vulsions were noted. 

One patient had a cranioplasty with a tanta- 
lum plate, 4 by 4.5 inches in size, which cov- 
ered a bone defect in the left temporal region 
caused by a depressed fracture. This oper- 
ation was performed 1o days after the healing 
of multiple lacerations of the scalp. At the 
operation a laceration of the left temporopari- 
etal cortex of the brain was found. The dura 
was left widely open and 30,000 units of baci- 
tracin in 6 cubic centimeters of normal saline 
were deposited into the wound at the end of 
the operation. On the next day 10,000 units of 
bacitracin were injected into the wound 
through the skin. Postoperatively, the pa- 
tient was given intramuscular penicillin, 300,- 
ooo units twice a day and bacitracin, 10,000 
units every 6 hours for 6 days. The wound 
healed by primary union. During the course 
of this treatment his urine showed a trace of 
albumin and a few white blood cells but these 
promptly disappeared as soon as the treat- 
ment was stopped. 

One patient had a second laminectomy in 
the cervical region performed through the scar 
of a previous operation which had been done 
3 weeks before. After the wound had been 
closed, 30,000 units of bacitracin were instilled 
into the wound as a prophylactic measure. 
Postoperatively, the patient was given pro- 
caine penicillin, 300,000 units twice a day for 
8 days and the wound healed per primam. 

In none of these 17 patients did infection 
develop and primary healing was obtained in 
g cases. Three patients died within 48 hours 
and 2 died 5 days after the craniotomy was 
performed and thus the character of the 
wound healing could not be determined. 

The following is an illustrative case of a con- 
taminated wound treated with postoperative 
prophylactic bacitracin. 


A.S., aged 56 years, male, on the service of Dr. Ira 
Cohen, was admitted to the Mount Sinai Hospital 
on September 13, 1949 and discharged on October 
29, 1949. 
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Thirty months before this admission the patient 
had a frontal meningioma which was removed 
through a bilateral frontal craniotomy. Following 
this operation the wound was infected by a penicil- 
lin-resistant strain of Staphylococcus aureus. The 
wound continued to drain for 2 years in spite of 
systemic and local treatment with penicillin. Finally, 
6 months before the present admission the wound 
healed after the osteomyelitic bone had been re- 
moved and the area treated with the local instillation 
of bacitracin. Two months after the wound had 
been completely healed, the cranial cavity was again 
entered through a frontal craniotomy for the re- 
moval of a recurrent meningioma. At this operation, 
the part of the tumor on the left side of the falx was 
excised while another portion of the tumor on the 
opposite side of the septum was left for a next sitting. 
At the end of the first operation 20,000 units of 
bacitracin in 6 cubic centimeters of physiological 
saline were deposited in the intracranial cavity. 
Postoperatively, the patient was given systemic ba- 
citracin, 10,000 units every 6 hours and procaine 
penicillin 300,000 units twice a day for 8 days by 
which time the stitches were removed and the wound 
was healed per primam. 

Four months later, through the scar of the first 
operation, a bilateral frontal bone flap was again 
turned down and the tumor on the right side of the 
falx was removed. However, at the time when the 
skin incision was made, a small abscess was en- 
countered under the scalp of the forehead. In spite 
of this finding, the operation was continued. Culture 
of the pus yielded a Staphylococcus aureus complete- 
ly resistant to penicillin but susceptible to bacitracin 
and there was a synergism of these two antibiotics 
demonstrated by laboratory tests. At the end of the 
operation, 10,000 units of bacitracin in 10 cubic 
centimeters of normal saline were deposited in the 
frontal cranial cavity and a same amount was in- 
stilled under the scalp. On the second day after the 
operation, through the bone defect in the frontal 
region, 10,000 units of bacitracin were injected into 
the intracranial cavity. This procedure was repeated 
daily for 4 succeeding days. Culture of the bloody 
fluid removed by aspiration from the frontal part of 
the intracranial cavity repeatedly showed no growth. 
The patient was given 10,000 units of bacitracin 
every 6 hours and procaine penicillin 300,000 units 
4 times a day by the intramuscular route for 5 days 
during the postoperative course. The wound was 
healed completely on the oth postoperative day. 


This case illustrates that the intracranial 
application of bacitracin supplemented with 
intramuscular injections of penicillin and ba- 
citracin can effectively prevent an anticipated 
infection of a major craniotomy wound. Dur- 
ing the course of 5 months, 2 months after a 
chronic osteomyelitis of the frontal bone flap 
and an epidural abscess had healed, the pa- 
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tient received 2 subsequent craniotomies, the 
last one being carried out through an obvious- 
ly infected field. Nevertheless, no infection 
occurred and the wound healed per primam. 
The repeated intracranial injections of baci- 
tracin produced no ill effects, either immediate 
or remote. 


PREVENTIVE BACITRACIN IN CLEAN 
NEUROSURGICAL WOUNDS 


Our animal experiments and clinical obser- 
vation have shown that bacitracin by direct 
application to the central nervous system is 
far less toxic than penicillin (3, 5,6). The local 
use of bacitracin on the central nervous sys- 
tem has produced no convulsion, paralyses, or 
radiculitis. We believe that it is safe to ad- 
minister bacitracin to any craniotomy wound. 
Prophylaxis against infection in neurologi- 
cal surgery is important because the oper- 
ations are often of long duration and infection, 
if it develops, has such dire consequences. 
Therefore, in 9 craniotomies in which the 
wounds were clean, bacitracin has been ap- 
plied to the brain tissues for prophylactic pur- 
poses. Seven patients received a bilateral 
ablation or topectomy of areas g and 10. At 
the end of each operation bacitracin was ap- 
plied to the ablated area. It was given be- 
cause the duration of the procedure was about 
2 hours longer than usual and time had been 
spent in cortical stimulation for research pur- 
poses. Besides, there were always more than 
10 persons other than the operating team 
present in the operating room. One patient 
had a Naffziger’s operation for the removal of 
a large osteoma of the orbital plate and the 
operation took more than 5 hours. One pa- 
tient had an old depressed fracture of the 
skull and the loose fragments lodged in the 
subarachnoid space were removed through a 2 
inch button hole‘craniotomy. In all cases ba- 
citracin was deposited in the area operated 
upon at the end of the procedure, 5,000 to 
10,000 units under the dura and 10,000 units 
in the epidural space. During the postoper- 
ative course, all but 1 patient were given sys- 
temic bacitracin 10,000 units every 6 or 8 
hours for 4 to 6 days. All wounds healed per 
primam and there was no immediate or subse- 
quent untoward effect observed attributable 


to the intracranial administration of bacitra- 
cin. 

In 2 cases of cranioplasty with a tantalum 
plate, bacitracin was instilled into the wound 
as a prophylactic. One patient had lost a 
piece of the left temporal bone in a gunshot 
wound 1 year previously. Because of his 
symptom of convulsion, the subdural space 
was explored. A tantalum plate, 2 by 2 
inches, was placed under the scalp to cover the 
defect. Bacitracin in a dosage of 10,000 units 
was deposited in the wound after the incision 
had been closed. This patient received no 
intramuscular bacitracin and the wound was 
healed by primary union 7 days later. The 
other patient has been described briefly in the 
previous section of this article on chronic os- 
teomyelitis of the skull and epidural abscess. 
Ten months after the wound had healed the 
patient returned for a cranioplasty. A tan- 
talum plate, 5 by 6 inches, was placed under 
the scalp to cover a huge bone defect in the 
right frontotemporoparietal region. Thirty 
thousand units of bacitracin in 6 cubic centi- 
meters of normal saline were instilled into the 
wound aiter the incision had been closed and 
a second dose was injected through the suture 
line on the next day. The wound was healed 
per primam 8 days later. 


SUMMARY 


1. Bacitracin has been used in 6 cases 0! 
chronic osteomyelitis of the skull with epidu- 
ral abscess. In every case the infection was 
caused by a staphylococcus which was resist- 
ant to penicillin but sensitive to bacitracin. 
Local treatment with bacitracin with or with- 
out systemic administration of the antibiotic 
as supplementary therapy to the surgical re- 
moval of the infected tissues permitted pri- 
mary closure with complete healing of the 
wound in every case. 

2. Fourteen patients with septic meningitis, 
6 with staphylococcic, 2 with streptococcic, 
2 with pneumococcic, 2 with unidentified 
gram-positive coccic, and 2 with mixed infec- 
tion were treated with bacitracin by intrathe- 
cal, intraventricular, and intramuscular injec- 
tions with or without parenteral penicillin; 10 
survived. Eight of these 14 patients, before 
the bacitracin therapy, had failed to respond 
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to penicillin, sulfonamides, and other anti- 
biotics. 

Four patients with brain abscess were 
treated with bacitracin and 3 survived. 

4. Eight patients with infected laminec- 
tomy wounds caused by penicillin resistant 
staphylococci were treated with bacitracin. A 
rapid and complete healing was observed in all 
cases. In none of these cases did the infection 
spread to the deeper tissues. 

5. In 17 cases of contaminated and poten- 
tially infected wounds—12 craniotomies, 1 
cranioplasty, 3 compound fractures of the 
skull, and 1 cervical laminectomy—prophylac- 
tic bacitracin was used locally supplemented 
with or without systemic injections of bacitra- 
cin or penicillin or both antibiotics. In none 
of these cases did postoperative infection 
occur. 

6. In 11 patients with clean neurosurgical 
wounds bacitracin was applied locally as a 
prophylactic with no infections. 

7. A total of 61 neurosurgical wounds have 
been treated with bacitracin as a therapeutic 
or preventive measure. 

8. Bacitracin is a powerful antibiotic in the 
treatment of infections caused by susceptible 
organisms and large and repeated doses can be 
applied directly to the central nervous system 
without causing any toxic symptoms or irrita- 
live signs. In this respect, it is far less toxic 
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than penicillin. Bacitracin, when injected into 
the intracranial cavity or the subarachnoid 
space alone without the intramuscular admin- 
istration, has produced no urinary or renal 
changes. When local treatment to the central 
nervous system was fortified by intramuscular 
injections of bacitracin in doses of 10,000 to 
20,000 units at intervals of 4, 6, or 8 hours, 
transient albuminuria and cylindruria ap- 
peared in some cases, but it disappeared dur- 
ing treatment or soon after it had been 
stopped. No increase in the blood urea nitro- 
gen was observed in any of the 44 patients in 
this series who were given intramuscular baci- 
tracin. 
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PORTAL TENSION 


FREDERIC W. TAYLOR, M.D., and HERBERT L. EGBERT, M.D., F.A.C.S., Indianapolis, Indiana 


PINION is divided over the proper 

care of bleeding esophageal varices 

(1, 4, 5, 6, 8, 11, 13, 16, 18). Good 

clinical results have been reported 

from such varied procedures as portal shunts 

or gastric resections. Much of this contro- 

versy is the result of incomplete knowledge of 

the physiological factors involved. There is 

lack of agreement as to what part portal 

hypertension plays in the actual esophageal 

hemorrhage and, above all, there is no uniform 

method of measuring the degree of portal 
hypertension which may be present. 

We have never seen any two clinics take a 
portal pressure reading in the same way. It 
is quite obvious that if methods of obtaining 
portal tension are dissimilar then readings will 
also be different and similar cases cannot be 
compared. 

Further study of patients operated upon 
and analyses of the physiological problems 
involved may divide these patients into sev- 
eral groups. Possibly one group would best be 
treated by portal venous shunt, another by 
gastric resection, and still another by con- 
servative medical management. The present 
discussion is given in the hope that it may aid 
in solving some of the controversial points. 
It is urged that a more critical viewpoint be 
taken until the subject is better understood. 


METHODS OF TAKING PORTAL PRESSURE 


Portal pressures are so small that minor 
changes in technique may change a reading 
from normal to the hypertensive range. A 
frequent method of measuring this tension is 
to insert the needle of a manometer system 
into a vein in the gastrocolic omentum. The 
manometer has been previously filled with 
saline which is allowed to flow into the vein 
until it falls to a level equal to the venous 
pressure. The venous pressure is then read 
directly on the manometer tube (B: to B; in 
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Fig. 1). The reading obtained is not a measure 
of portal vein pressure, since the portal vein lies 
at a considerable distance below the vein in 
which the needle was inserted. This difference 
in height (B, to Bz), should be added directly 
to manometer reading. 

A variation of this method of obtaining por- 
tal pressure consists of adding to the recorded 
manometer reading, the vertical distance from 
the heart to the base of the manometer. This 
method also has inaccuracies. To what part 
of the heart should the measurement be taken? 
This is important, since the heart is some 100 
millimeters thick. A correction to the pos- 
terior part of the heart would indicate a pres- 
sure 100 millimeters greater than a reading 
corrected to the anterior surface of the heart. 

It has been suggested that the center of the 
right auricle of the heart is the most logical 
point from which to measure portal pressure. 
One has only to go through the process of 
attempting to estimate the position of the 
right auricle in the closed chest to realize how 
great must be the inaccuracies. A tipped 
operating table and a partially rotated patient 
add to the difficulties. We have been as guilty 
as others in taking a “‘sight’’ on the chest wall 
in an attempt to obtain a “fix”? on the heart. 

Correction of the manometer reading to a 
base line such as the right auricle or portal 
vein has not been mentioned in any of the dis- 
cussions of portal hypertension reviewed. It is, 
therefore, assumed that no serious considera- 
tion has been given to this point. In the orig- | 
inal splenic vein pressures recorded by | 
Thompson, Caughey, Whipple, and Rousselot | 
(15), correction was “‘adjusted to the cardiac © 
level.” Just what this cardiac level was and | 
how it was arrived at is not discussed. i 

We firmly believe that if we are to talk § 4 
about the same pressure conditions we must © 
agree that those pressures shall be obtained | é 
in the same manner. A uniform method of | 
measuring this pressure must be chosen if any © 
correlation of therapeutic results is to be ob- F 
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tained. For this reason the following proce- 
dure is suggested. It is not perfect but it is 
easily performed and gives uniform results. 

The method uses the splenic vein for its 
base. At the point used (over the vertebral 
column) the splenic vein is on the same level 
as the first portion of the portal vein. This 
seems to be as accurate a measuring point as 
any and one which is easily accessible at oper- 
ation. There seems to be no virtue in using 
any part of the heart as the base, since it is the 
portal pressure with which we are concerned. 

Figure 1 indicates the general features of 
the method used. The manometer is patterned 
after that used by Blakemore and Lord (5). 
It consists of a simple calibrated standpipe 
connected by rubber tubing with a three way 
stopcock and needle. The system is filled 
with saline by a syringe also connected in the 
circuit. The stopcock is turned so as to close 
the system and the needle is threaded care- 
fully into one of the gastroepiploic veins or 
veins in the gastrocolic omentum. The stop- 
cock is then opened so as to connect the ma- 
nometer with the needle. The saline level falls 
until it equalizes with the pressure in the vein. 
This indicates the pressure registered in the 
standpipe only. It does not indicate the pres- 
sure in the vein unless the bottom of the stand- 
pipe and the vein are at the same level. The 
manometer should be moved up and down a 
short distance, causing the fluid level to change 
correspondingly. When this occurs, the sys- 
tem is in free balance as it should be. 

The vein which is cannulized is at a level 
above that of the portal (or splenic) vein. 
This vertical distance (B: to Be) must be 
added to that already recorded in the ma- 
nometer (B; to B;). A simple means of measur- 
ing the elevation of the manometer base above 
the splenic vein (B, to Bz) is indicated in the 
diagram. The spare calibrated glass tube of an 
ordinary manometer set is used to make this 
measurement. The lower tip is placed on the 
anterior surface of the body of the second or 
third lumbar vertebra. This approximates the 
level of the splenic vein and the distance from 
it to the base of the manometer is read off 
directly on the scale on tube 7». 

A very slight error arises in this method in 
that the lower third of this reading is repre- 
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Fig. t. Detail of suggested method of obtaining portal 
pressures. The manometer reading in tube 7; is added to 
the distance this manometer is above the portal (splenic) 
vein. This equals the height of B, to Bz plus Bz to Bs. Tube 
T2 is an ordinary manometer which is used as a scale to 
measure the distance from the vertebral column to the base 
of tube 7;. The splenic vein rests on the vertebrae as indi- 
cated. In the midline it is in the same horizontal plane with 
the first portion of the portal vein and, therefore, may be 
taken as a base. See text for details. 


sented by the column of blood in the veins. 
Since the specific gravity of this blood seg- 
ment is only 5 to 6 per cent greater than 
water, the error caused by it is of no moment. 

Warning should be given of two possible 
errors. In order to facilitate the cannulization 
of the vein, the omentum or stomach is usually 
pulled out of the incision. This may cause a 
venous constriction due to tension or pressure 
of the wound margin. Structures must be re- 
laxed at the time of measuring the pressure. 
Secondly, a few false readings have resulted 
from using too small a needle. A No. 18 or, at 
the smallest, 20 gauge needle should be used. 
A smaller needle does not allow a free flow, 
which is necessary for accuracy. 


SIGNIFICANCE OF PORTAL PRESSURE 


It is generally accepted that the normal 
portal pressure ranges between 100 and 200 
millimeters of water (3, 10, 12, 13). These 
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measurements for the most part are cited 
without reference to a base line. Exceptions 
are the figures of Thompson, Caughey, Whip- 
ple, and Rousselot (15), in which the splenic 
venous pressure was “‘adjusted to the cardiac 
level”’ and the cases of Bellis, in which the 
portal vein was similarly used. 

These figures are in slight variance with our 
own portal pressure findings. In order to 
become familiar with what might be called 
normal pressures, we have often taken portal 
pressures in our cases of gastric resection and 
gallbladder disease. In these the pressure 
ranged between 150 and 300 millimeters of 
water. The great majority fell into a group 
with portal pressure between 175 and 225 
millimeters. True, they all may not have been 
normal patients but at any rate their present- 
ing symptoms were not those of Banti’s 
syndrome. 

In those patients who were operated upon 
by us for portal hypertension, the pressures 
ranged from 250 to 550 millimeters of water. 
From this it will be seen that there is an over- 
lapping of pressures. The range between 200 
and 300 millimeters becomes one which may 
either indicate a normal or a hypertensive 
portal system. It is difficult to rationalize 
that this slight elevation is the sole cause of 
the entire Banti’s syndrome. 

The features of chronic congestive spleno- 
megaly undoubtedly must be attributed to 
portal hypertension (14, 17, 18). However, 
no such conclusion is warranted so far as the 
esophageal or gastric varices are concerned. 
These, the resulting hemorrhages, and abdom- 
inal ascites must be the result of a combina- 
tion of conditions. 

That hypertension is not the sole causative 
agent is indicated by certain physiological 
conditions found in the portal system. Let us 
say that in a given patient in the supine posi- 
tion the portal pressure is 200 millimeters of 
water. In this same patient the venous pres- 
sure in the distal part of the portal system 
(hemorrhoidal veins) is approximately the 
same. If this patient is then placed in the 
upright position, the lower reaches of the por- 
tal system (hemorrhoidal veins) have the same 
portal pressure plus that added by a hydro- 
static head of some 400 millimeters. 


As a matter of interest, we have carried out 
just this experiment. Patients in the hospital 
for a hemorrhoidectomy have been given a 
saddle block anesthesia. After complete dila- 
tation of the anal sphincter, a manometer 
needle was inserted into one of the hemor- 
rhoidal veins near the internal sphincter. The 
reading varied from 220 to 250 millimeters of 
water taken at the horizontal level of this 
vein. When the patients were placed upright 
in the sitting position, the pressure rose to 
between 600 and 750 millimeters. These pres- 
sures must be representative of effective pres- 
sures in the veins of the rectum and sigmoid; 
yet, no massive hemorrhages occur from the 
undiseased bowel in this area. Also, tremen- 
dously dilated nests of veins are not seen in 
the sigmoid, although, as indicated, the venous 
pressure is twice or three times that of the 
portal vein. 

It seems strange that of all the anastomotic 
pathways between the portal and caval sys- 
tems, the one about the lower esophagus and 
upper stomach should be so exaggerated. Some 
veins, which we have recently studied (Fig. 2), 
like those described by Phemister and Hum- 
phreys, strongly suggest that they have a con- 
genital basis. The gnarled mass of veins seem 
to be completely purposeless and nonfunc- 
tional, so far as an anastomotic by-pass is 
concerned. So, we would like to point out 
that there is strong suggestion that the gastro- 
esophageal varices may have a congenital 
background abetted by a slight increase in 
portal pressure plus the action of the usual 
negative pressure in this region. How much 
a factor this negative thoracic pressure may 
be is impossible to say. All who have watched 
these varices through an esophagoscope have 
been impressed by the action of respiration 
upon them. The veins appear greatly enlarged 
and prominent on inspiration. 

During normall inspiration, negative tho- 
racic pressure amounts to only about — 8o0milli- 
meters of water (3). Under forced inspiration, 
with a closed glottis, a negative pressure of 
—1,500 millimeters is possible. Of course, it 
acts for only a short time and the mean effec- 
tive negative pressure would never reach such 
levels. Nevertheless, the potentialities of neg- 
ative thoracic pressure are indicated which in 
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turn is transmitted directly to the esophageal 
veins. This negative pressure has the same 
dilating effect on esophageal veins as a like 
unbalanced intraluminal hypertension. The 
result may be one of chronic venous engorge- 
ment and dilatation with eventual rupture. 

The negative pressure values acting upon 
the esophageal veins in the thorax or the posi- 
tive venous pressure in the sigmoid or rectum 
are quite large when compared with normal 
portal pressures. They dwarf even the portal 
hypertensive states. It is for this reason that 
we doubt that a rise of 100 or 200 millimeters 
in portal pressure could alone be responsible 
for varices and massive hemorrhages. 


ASCITES 


Just where and to what extent ascites fits 
into the picture of portal hypertension is diffi- 
cult to say. It is most probably the result of 
a lowered osmotic blood pressure, rather than 
an elevated portal tension. It has been shown 
that the osmotic pressure of blood of cirrhotic 
patients averages 100 millimeters of water less 
than that of normal blood (7). The altered 
protein metabolism which brought this about 
is undoubtedly due to liver damage (9). Fre- 
quently, we are puzzled by the fact that one 
patient with portal hypertension will show the 
presence of ascites, while another with approx- 
imately the same portal tension and identical 
blood proteins will show no evidence of ascites. 
What accounts for this difference cannot be 
accurately stated. Undoubtedly, it is the re- 
sult of a changed osmotic blood pressure and, 
as has been suggested (7), the principal factor 
is an altered albumin content rather than al- 
tered total plasma protein. 

We can learn little by speculation over 
plasma protein levels as the sole factor re- 
sponsible for a given ascites. If a clarification 
of the situation is to be obtained, the osmotic 
blood pressure and albumin-globulin levels 
must be integrated and compared with accu- 
rate portal venous pressures. Only by such 
a careful comparison can we obtain an insight 
into when a given patient may be expected to 
develop ascites. This would then form one 
more step in correlating the various phases of 
the disease. It would aid in what is so badly 
lacking at the present time—a knowledge of 
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Fig. 2. Greatly dilated veins in the gastric submucosa 
of a portal hypertension case (46972). Grossly, these veins 
had the appearance of a functionless congenital defect. 
Portal pressure was recorded at 300 to 350 millimeters of 
water. 


the natural history of the average case of 
portal hypertension. 


SUMMARY 


1. Much of the controversy about the ther- 
apy of portal hypertension is the result of our 
ignorance of the physiology and normal course 
of this disease. 

2. It seems probable that if the disease 
were better understood, therapy would not be 
grouped into one general pattern but would 
be separated into those cases which are best 
treated by portal-venous shunt, those best 
treated by gastroesophageal resection, and 
those best treated without surgery. 

3. Many cases of portal hypertension have 
been reported without any uniform method of 
obtaining portal pressures. Since the pressure 
differences are slight, the elimination of errors 
and differences in measurement are very im- 
portant. 

4. A plea is made for a uniform method of 
obtaining portal pressure at the time of oper- 
ation. Such a method is outlined. 

5. Readings taken by this method are 
higher than those formerly considered as nor- 
mal. There is considerable overlapping of 
portal pressures in the upper range of normal 
and lower range of actual portal hypertension. 
The significance of this is difficult to evaluate, 
because of the nonuniformity in obtaining 
those pressures in previous reports. 
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6. It is pointed out that the slight elevation 
in portal pressure which indicates a state of 
hypertension (200 to 300 millimeters) is com- 
pletely dwarfed by a normal pressure of 600 
to 700 millimeters in other areas of the portal 
system (hemorrhoidal veins). Also, the effect 
of negative thoracic pressure on the gastro- 
esophageal varices must be profound, but has 
received little consideration. 

7. Many of the varices encountered in the 
cardiac end of the stomach wall and esophagus 
strongly suggest a congenital abnormality. 
These gnarled nests of veins seem to be com- 
pletely purposeless and nonfunctional, so far 
as an anastomotic by-pass is concerned. 

8. Evidence indicates that ascites results 
from a lowered osmotic tension, rather than 
being dependent on portal tension. 

9. There is little doubt that portal hyper- 
tension is responsible for the changes in the 
spleen in Banti’s syndrome. It seems probable 
that other features of the disease (varices, 
hemorrhage, ascites) are not directly depend- 
ent upon this increased pressure. It is hoped 
that a more accurate correlation of all physio- 
logical features will lead to a clearer under- 
standing of the proper therapy to be pursued 
in these patients. 
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THE CONSERVATIVE TREATMENT OF FRACTURES 





IN CHILDREN 


RICHARD T. ODELL, M.D., and STANLEY M. LEYDIG, M.D., F.A.C.S., 
St. Louis, Missouri 


REPORT on the conservative treat- 
ment of fractures in children seems 
timely in our present era of open re- 
duction and internal fixation. These 

methods are definitely of value in selected 
cases but are usually not necessary in the 
management of fractures in children, and are 
very likely to do irreparable harm. 

Fractures in children are physiologically 
unlike fractures in adults because the forces 
obeying Wolff’s law are present, the rate of 
healing is much faster, and longitudinal and 
circumferential or appositional growth factors 
are present. These three physiological actions 
allow considerable leeway in the accurate re- 
placement of the fragments, and normal func- 
tion without deformity is the rule, provided 
these forces of nature are not interferred with 
by repeated manipulation or open operation. 
In fractures of the long bones, good alignment, 
or even fair alignment, and contact of the 
fragments are all that are usually necessary 
for an ultimate good result. In general, 
satisfactory apposition of the fragments, 
moderate overriding, and even angulation of 
less than 10 degrees are not too important. 

This does not mean that fractures in chil- 
dren should not be accurately reduced and 
adequately immobilized, if possible, as the 
return to normal function and convalescence 
is greatly hastened if this can be accomplished. 

Operative interference must be resorted to 
in certain cases in which there is evidence of 
soft tissue interposition of nerve injury, circu- 
latory injury which may result in Volkmann’s 
ischemic contracture, and in certain cases in 
which satisfactory reduction was prevented by 
extrinsic factors beyond control or compli- 
cated by abdominal or head injuries. In 
patients with fractures that have been manipu- 
lated repeatedly under fluoroscopic control, 
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further use of the fluoroscope cannot be con- 
sidered and this may also be a reason for 
operative intervention. It is in this type of 
case that knowledge of the aid to be expected 
from the physiological factors will allow in- 
telligent management by expectant treat- 
ment with eventual restoration of normal 
function and the attainment of a satisfactory 
cosmetic result. 

Conservative management with observa- 
tion will usually allow a good functional re- 
sult, and several years later upon roentgeno- 
logical comparison the appearance of the 
extremity is indistinguishable from that on 
the opposite side. 

Fractures of the clavicle usually re-establish 
normal contour although the fragments may 
be overriding and not in apposition. 

Fractures of the upper end of the humerus 
are easily managed in a hanging cast. If the 
fragments cannot be reduced without the 
additional trauma of repeated manipulation 
or open reduction, conservative therapy will 
allow the physiological forces to effect an 
excellent end result (Fig. 1, a, b, c). 

Supracondylar fractures of the humerus are 
sometimes troublesome as the growth factors 
described are not influenced by the stresses 
and strains present in the diaphyseal region 
of bones and any angulation or displacement 
in supracondylar fractures persists with some 
deformity and limitation of motion. The re- 
sult of open operation with the attendant 
capsular adhesions and stiffness which may 
follow is often more undesirable than a poor 
closed reduction, but a satisfactory closed re- 
duction is usually possible. Even though the 
reduction may not have been accurate the 
encroachment of bone fragments or excess 
callus in the olecranon fossa disappears as 
growth in length of the humerus takes place, 
and function may possibly be restored to 
normal. 
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Fig. 1. 





b c 


a, Fracture of humerus with marked medial displacement in 9 year old 


boy. Fracture was reduced and hanging cast applied. b, Same fracture 7 days later 
with original displacement recurring, clinically sufficiently united to prevent further 
manipulation. c, End result in same case 5 months later showing the physiological 


response to normal bone re-formation. 





Fig. 2. 
radial fragments. 


b C 
a, Fracture of both bones of forearm with complete displacement of 


b, Same fracture 5 weeks later with healing of radial frag- 


ments which redisplaced. c, Same fracture 2 years later showing bony union 
with no deformity of the right arm which is indistinguishable from the left arm. 


Avulsion fractures of the external condyle 
and internal epicondyle of the humerus are 
also occasional exceptions to the rule of con- 
servative treatment and may require open 
reduction. If the fragment of the internal epi- 
condyle is displaced into the joint or if the 
lateral condyle is rotated outward and down- 
ward open reduction is necessary. Internal 
fixation with screws or wires is not necessary 
as a few catgut sutures in the periosteum or 
ligamentous attachment will suffice. 

Fractures of the forearm are among the 
most common fractures seen in children and 
accurate reduction is frequently very difficult 
to obtain and maintain. When the fracture 
occurs in the shaft attention to alignment of 


the fragments is all that is necessary if one 
cannot manipulate the fragments into good 
apposition. Moreover, the end result will 
probably be excellent (Fig. 2, a, b, c). Open 
reduction is rarely indicated and is definitely 
associated with several hazards. Infection 
with osteomyelitis and loss of bone substance 
is still a possible complication despite the 
efficiency of the sulfonamides and _ penicillin 
(Fig. 3, a, b, c, d). Nonunion is a frequent 
complication of open reduction of fractures in 
children, and when nonunion occurs one is 
likely to encounter many difficulties in bone 
grafting (Fig. 4). 

Fractures of the head of the radius are not 
uncommon, and open reduction is necessary 
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Fig. 3. a, Simple fracture of the forearm in an 8 year 
old girl with displacement of the fragments which almost 
invariably can be treated with closed reduction. b, Open 
reduction (elsewhere) with ill-advised internal fixation, 
one screw penetrating the fracture site, and screws of im- 
proper length. c, Eleven months later a large portion of 


if the head is displaced. The head of the radius 
should always be replaced if possible as union 
will occur. More important, the length of 
the radius will keep pace with the ulna, 
which will not occur if the head is removed. 
In such cases, radial deviation of the hand at 
the wrist with deformity and poor wrist 
function is likely (Fig. 5, a, b, c). 

Isolated fractures of the lower end of the 
radius may be extremely difficult to reduce. 
A poor reduction was done in a case in which 
the distal end of the radius was fractured, and 
g years later roentgenological examination 
showed a normal arm (Fig. 6 a, b, c). 

Fractures of the pelvis are not common in 
children but a case is described (Fig. 7, a, b) 
in which a 9 year old girl sustained fractures 
through the rami and sacral area of the ilium 
(Malgaigne type). One side of the pelvis was 
displaced upward resulting in 114 inches of 
shortening of the extremity. Due to the pa- 
tient’s poor general condition and avulsion of 
the soft tissues over the sacrum, which re- 
quired a skin graft, no immediate treatment 
of fractures was undertaken. Ten days after 
the accident an attempt at manipulation was 
futile and bony union occurred in poor posi- 
tion. Two years later there was little discrep- 
ancy in the two sides and the crests of the ilia 
were even with the fourth lumbar vertebra. 





radius sequestrated after removal of plates and screws. 
d, Same patient 5 weeks later showing persistent radial de- 
formity from overgrowth with marked limitation of prona- 
tion and supination clinically. Notice the ulna not op- 
erated upon has normal contour and architecture although 
never reduced. 


Fractures of the shaft of the femur may 
occur in infants during difficult delivery and 
also in older children from direct violence. 
Bryant’s overhead traction in children under 
5 years of age maintains the alignment, cor- 
rects overriding, and relieves the pain. This is 
not effective in children over 5 years of age as 





Fig. 4. Nonunion following second open reduction (else- 
where) in a child 7 years old after 18 months from time of 
injury. This was followed by bone graft which sub- 
sequently healed after 4 months. 
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a b c 
Fig. 5. a, Fracture of head of the radius with complete displacement and rotation of 
the head. b, After open reduction and replacement with no internal fixation. After 3 
months a normal functional result was obtained clinically. c, Two years later, showing sur- 
vival of the head of radius and continued growth of the epiphysis. 





a b c 
Fig. 6. a, Isolated fracture of distal end of radius following several attempts at reduction 
under fluoroscopic control without success. b, Same fracture 6 weeks later showing angula- 
tion that gradually developed. c, Same patient almost 8 years later showing complete resto- 
ration of alignment with no disability. 





a b 
Fig. 7. a, Malgaigne fracture of the pelvis with a semisubluxation of the right side 
of pelvis proximally. b, Two years later, showing the crests of the iliac’ equally op- 
posite the;fourth lumbar vertebral transverse process, although clinical union had 
occurred before any treatment could be instituted. 
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a b c 
Fig. 8. a, Result of closed reduction and immobilization in a plaster cast with 1 inch shortening. b, Two months 
later showing union with overriding but with good alignment. c, Two years later showing complete restoration of bone 
contour with compensatory lengthening and roentgenologically almost no difference between right and left leg. 





a b Cc 


Fig. 9. a, Osteomyelitis in a 3 year old girl with a pathological fracture through 
distal end of femur with considerable bone destruction and over 1 inch shorten- 
ing. b, Four months after intensive treatment with penicillin and immobiliza- 
tion in a plaster cast. c, One year later with normal bone texture and contour 
and only % inch shortening which was compensated the following year. 


the gastrocnemius and adductor muscles are The same physiological reconstruction will 
so developed that alignment and overriding occur in pathological fractures (Fig. 9, a, b, c). 
cannot be controlled. In the femur more than in any other bone 


Compensatory correction of shortening in inaccurate approximation of the fragments 
our cases was complete in the 8 cases followed of fractures and overriding with shortening 
for over 3 years, and was less than 34 inch in are probably compensated for in growth. The 
the 12 cases followed for 1 year (Fig. 8,a,b,c). weight bearing factor with accompanying 
In 1 case physiological compensatory length- stresses and strains certainly results in func- 
ening was overdone and the extremity was 34 __ tional adaptation of bone architecture. 
inch longer after 3 years despite the original 
bony union of the fragments with 1 inch 
shortening. At the present time, 2 years since Fractures in children should be treated con- 
the lengthening was first recorded, there is servatively and open reduction reserved for 
less than 14 inch lengthening. replacement of: (1) fractured head of the 


CONCLUSIONS 
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radius, (2) certain displaced fractures of the 
internal epicondyle and external condyle of 
the humerus, (3) fractures of the neck of the 
femur, (4) fractures of the olecranon or patella 
with wide separation of the fragments (rare), 
and (5) irreducible separation of the distal 
epiphysis of the femur. 

Prolonged observation of inaccurately re- 
duced fragments is much superior to surgery 
and will allow the law of functional adaptation 
to restore normal bone contour and normal 
function of the extremity. 
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COARCTATION OF THE AORTA 


The Relationship of Clinical Results to Cardiovascular Dynamics Studied 


Before, During, and After Surgical Treatment 


GEORGE A. HALLENBECK, M.D., EARL H. WOOD, Ph.D., 
HOWARD B. BURCHELL, M.D., and O. THERON CLAGETT, M.D., F.A.C.S., 
Rochester, Minnesota 


NTIL Crafoord in 1945, followed 
shortly by Gross, successfully ex- 
cised the strictured portion of the 
aorta and sutured the ends of the 

vessel together, symptomatic treatment alone 
was available for coarctation of the aorta. 
Since these men performed their bold pioneer- 
ing work, operations for coarctation of the 
aorta have been carried out in several medical 
centers and knowledge of the disease has as- 
sumed increased practical importance. 

In order to obtain exact information con- 
cerning some of the altered cardiovascular 
dynamics accompanying this condition, ar- 
rangements were made for photographic re- 
cording of radial and femoral blood pressures 
obtained by use of strain gauge manometers 
with indwelling arterial needles (7). Com- 
parison of blood pressures and pulse waves in 
the radial and femoral arteries of patients 
with coarctation of the aorta before and after 
surgical treatment permits more accurate ap- 
praisal of some of the cardiovascular changes 
which occur and of the degree to which condi- 
tions approach normal after surgical inter- 
vention than can be obtained by clinical 
means (1, 2). 


PHYSIOLOGIC OBSERVATIONS MADE BEFORE 
OPERATION AND ON NORMAL SUBJECTS 


Segments from typical records obtained 
from a normal subject and a patient who had 
coarctation of the aorta illustrate some of the 
changes characteristic of the disease (Fig. 1). 
Blood pressure in the radial artery of a patient 
with coarctation of the aorta is elevated above 
the normal range and is much greater than 
blood pressure simultaneously observed in the 
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femoral artery. The femoral pulse wave be- 
gins slightly later than does the radial pulse 
wave and requires more time to reach its 
peak. Its pattern in the presence of coarcta- 
tion has been described as “‘sawtoothed” in 
contradistinction to the rapid rise and fall of 
pressure seen in the femoral artery of nor- 
mal individuals. 

Measurements of records of the type shown 
in Figure 1 demonstrate that systolic and 
diastolic blood pressures in the femoral and 
radial arteries of normal subjects lying supine 
are nearly equal (Table I). Accordingly, the 
ratios of femoral to radial systolic, diastolic, 
and pulse pressures approximate 1.0. Average 
figures from tests on 6 normal subjects were 
0.99, 0.96, and 1.02, respectively. The aver- 
age blood pressure in the radial and femoral 
arteries of 130/68 and 127/64 respectively 
may be considered normal. The average blood 
pressure in the radial artery among 50 pa- 
tients with coarctation of the aorta under 
these circumstances was 195/95; that in the 
femoral artery, 111/81. Resulting ratios of 
femoral to radial systolic, diastolic, and pulse 
pressures were, therefore, 0.57, 0.86, and 0.30 
respectively. Since the normal ratios closely 
approximate 1.0, these abnormal ratios can 
be considered to be 57, 86, and 30 per cent 
of normal. 

As an average, the onset of the systolic pulse 
wave in the femoral artery occurred 0.03 sec- 
ond after the onset of that in the radial artery 
of patients with coarctation of the aorta (Table 
II). Among normal subjects this event was 
simultaneous in the two arteries. The time re- 
quired for systolic pressure to reach its peak 
in the femoral artery averaged 0.23 second 
among patients with aortic stricture and 0.15 
second among normal subjects. 
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Tracings of pressure and pulse in femoral and radial arteries of: a, a 


normal subject and, b, a patient with coarctation of the aorta. 


PHYSIOLOGIC OBSERVATIONS AT OPERATION 


To study cardiovascular variables in cases 
of coarctation of the aorta during operations 
for treatment of the disease, a mobile record- 
ing oscillograph with associated pick-up units 
was designed which could be transported to 
the operating room and used there without 
interfering with the operative procedure. De- 
scribed more completely elsewhere (6), it con- 
sists of a kymographic slit camera built into 
a table mounted on wheels and fitted with the 
electrical circuits and optical system for pho- 
tographic recording of blood pressure, heart 
rate, and the electrocardiogram. Studies of 
cardiovascular dynamics made during opera- 
tions offer both the advantage that the aorta 


TABLE I.—AVERAGE PRESSURES AND PRESSURE 
RATIOS IN RADIAL AND FEMORAL AR- 
TERIES* 
































Blood pressure, Ratio of femoral 
mm. Hg to radia’ 
Blood’ 
pressure 
Intra- Intra- Blood Pulse 
radial femoral | pressure | pressure 
50 patients Systolic 195 Ir 0.57 
with coarc- (140-260)| (87-143) |(0.43-0.72) 0.30 
tation of 
aorta Diastolic 05 81 0.86 (0.15-0.50) 
(74-126) | (62-104) |(0.67-1.14) 
6 normal Systolic 130 127 0.99 
subjects (122-142)|(120-134)](0.94-1.05) 1.02 
Diastolic 68 64 0.96 (0.89-1.20) 
(65-70) | (58-69) |(0.83-1.06) 











*Patients were supine. 


and the near-by great vessels can be directly 
manipulated and the arterial pressure meas- 
ured and the disadvantage that such variables 
as anesthesia, loss of blood, and replacement 
of blood and fluid are added. 

Temporary occlusion of the left subclavian 
artery, which is sometimes necessary in the 
course of resection of the aorta for stricture 
situated near this vessel, decreases the volume 
and increases the resistance of the vascular 
bed into which the heart can discharge its 
contents. Elevation of blood pressure in the 
aorta and contralateral radial artery results. 
We previously described (6) 2 patients in whom 
this maneuver was associated with rises of 
systolic pressure in the right radial artery of 
40 and 45 millimeters of mercury, respectively. 

In 4 cases studied by Fuller and associates 
in this institution since our report, the rec- 
ord in Figure 2 is typical. The rise in sys- 
tolic blood pressure and in pulse pressure in 
the right radial artery after occlusion of the 
left subclavian artery averaged 18 millimeters 
of mercury (range 14 to 26 mm.). Pressure in 
the aorta immediately proximal to the stric- 
ture in each case behaved similarly. Systolic 
pressure in the aorta immediately distal to the 
stricture decreased an average of 7 millimeters 
presumably as a consequence of interruption 
of blood flow in the collateral vessels stem- 
ming from the left subclavian artery and cir- 
cumventing the stricture. Changes in diastol- 
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Fig. 2. Effect of occluding (1) the area of coarctation of aorta and (2) the left 
subclavian artery on blood pressure in the aorta proximal to the stricture and in 














the right radial artery. 


ic pressures and mean pressures here were 
less striking, although decreases in these values 
distal to the stricture were observed. 

Complete occlusion of the aorta at the site 
of the stricture in 6 patients undergoing oper- 
ation for coarctation of the aorta was virtually 
without effect on systolic, diastolic, and mean 
pressures and on pulse pressures in the radial 
artery and in the aorta proximal and distal to 
the stricture (Fig. 2). Thus the strictures in 
these instances, which were anatomically sim- 
ilar to most of those we have encountered, 
were physiologically complete. 

As the completed anastomosis is opened, 
the blood pressure in the radial artery gradu- 
ally falls. In 4 cases reported previously (6), 
the fall in systolic pressure ranged between 
50 and 60 millimeters of mercury. In 8 cases 
studied more recently (4) the average de- 
crease in systolic pressure in the radial artery 
was 22 millimeters with a range of 17 to 27 
millimeters. Diastolic pressures were de- 
creased also, though to a lesser degree. The 
magnitude of the fall in blood pressure is 
doubtless influenced by infusion of blood 
being given at this time. It does not appear 
to correlate well with the ultimate result in 
our cases. The time elapsing during opening 





of the anastomosis has varied between 16 and 
67 seconds. Thus far we have not observed 
circulatory collapse after this procedure. 


OPERATIVE PROCEDURE AND CLINICAL RESULTS 


To September, 1949 one of us (Clagett) per- 
formed 42 resections for coarctation of the 
aorta; in 8 cases the end of the sectioned left 
subclavian artery was joined to the aorta 
beyond the site of stricture and in 34 end-to- 
end anastomosis of the aorta was accom- 
plished. The ages of the patients ranged from 
11 to 38 years. There have been 5 post- 
operative deaths, an operative mortality rate 
of 11.9 per cent. There were no deaths among 


TABLE II.—AVERAGE TIME OF PROPAGATION 
OF PULSE 


Time in seconds 





Delay in onset Onset to peak 





of femoral of femoral 
pulse* pulse wave 

50 patients with coarctation 0.03 0.23 
of aorta (—0.01—+0.07) t (0.17-0.30) 











6 normal subjects 0.00 0.15 
(—0o.01r—+0.01) (0.13-0.18) 





*After radial pulse. 


t+0.07 means a delay of 0.07 second; —o.or means that femoral 


pulse preceded radial pulse by o.o1 second. 
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TABLE III.—CLINICAL STATUS AFTER RE- 
SECTION FOR COARCTATION OF THE AORTA 























One month after Latest data available; 
operation September, 1949 
Clinical status 
Patients | Per cent Patients | Per cent 
Clinically cured 9 29 15 49 
Improved 14 45 14 45 
Unchanged 5 16 I 3 
Insufficient data 3 10 I 3 
Total 31 100 31 100 

















the last 27 patients, all of whom have under- 
gone operations since October, 1947. 

Results after operation were appraised clin- 
ically by comparing preoperative and post- 
operative data regarding brachial blood pres- 
sure, arterial pulsations in the lower extrem- 
ities, symptoms if present, and such findings 
as cardiac murmurs and size of the heart. 
Since increased arterial pulsations in the legs 
occurred postoperatively in all cases, since 
symptoms even preoperatively were usually 
minimal, and since the size of the heart 
changed little and qualitative differences in 
cardiac murmurs are difficult to evaluate, we 
found ourselves depending mainly on changes 
in the brachial blood pressure in making clini- 
cal appraisal of the condition of these patients. 
In addition we used the other criteria when 
they were particularly striking. We consid- 
ered patients to be “clinically cured’? who 
had postoperative brachial blood pressure of 
130 millimeters systolic and go millimeters 
diastolic or less and whose symptoms, if 
marked enough to evaluate, were improved. 


Patients whose blood pressures were signifi- 
cantly and consistently reduced after opera- 
tion, though not to the afore-mentioned val- 
ues, were classified as improved. A third 
group was considered unchanged. 

Thirty-one of the 34 patients who under- 
went resection with end-to-end anastomosis of 
the aorta survived and were available for 
appraisal of immediate results during the 
month following operation (Table III). As 
judged by immediate results, approximately 
74 per cent were improved or clinically cured, 

Clinical data were available concerning 17 
of these patients 2 to 23 months after opera- 
tion. None grew worse after the first exam- 
ination; 8 of the 17 grew better. 

Our latest clinical data on all 31 patients, 
regardless of the time since operation are 
given in Table III also. About 94 per cent 
of this series of patients can, with our present 
information, be considered either clinically 
cured or improved. If the response of the 
several patients for whom we have only an 
appraisal of immediate results parallels that 
of others who have been followed for longer 
periods of time, the number of clinically cured 
patients may increase. 

Six of the 8 patients on whom end-to-end 
anastomosis between the subclavian artery 
and aorta was performed, survived. The clin- 
ical status of 4 of this group was unchanged 
within the first month after operation and 
that of 2 was improved. This record is much 
less favorable than that noted after end-to-end 
anastomosis of the aorta. All 6 patients have 
been seen at intervals from 3 to 25 months 
after operation. One of the 4 patients whose 


TABLE IV.—RESECTION AND END-TO-END ANASTOMOSIS FOR COARCTATION OF AORTA: 





PREOPERATIVE AND IMMEDIATE POSTOPERATIVE DATA ON 27 PATIENTS 



































Ratio of femoral to radial pulse Time, sec., from onset 
to peak of femoral 
Clinical status Patients Systolic pressure Pulse pressure pulse wave 
Preoperative | Postoperative | Preoperative | Postoperative | Preoperative | Postoperative 
Clinically cured 8 0.51+0.02* 0.80+ 0.01 0.23 + 0.03 0.62+ 0.05 0.23+ 0.01 0.17+0.01 
Improved 12 0.60+ 0.02 0.83 + 0.03 0.32+ 0.03 0.67+ 0.06 0.22+0.01 0.17+0.01 
Unchanged 4 0.53+0.04 ane 0.08 0.27+ 0.04 0.62+ 0.02 0.23+ 0.02 0.19+ 0.03 
Insufficient data 3 0.59+ 0.03 0.69+ 0.08 0.27+0.04 0.53+0.10 0.22+ 0.005 0.19+ 0.02 
Averages 0.564 0.02 0.79+ 0.02 0.28+ 0.02 0.63 + 0.03 0.23+0.01 0.17+0.01 

















*The number following the + sign is the standard error of the mean. 
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clinical status was previously classified as un- 
changed can now be considered improved. 


PHYSIOLOGIC OBSERVATIONS AFTER OPERATION 


Turning from clinical to laboratory data 
we find that preoperative and postoperative 
physiologic studies are available on 27 of the 
34 patients who underwent resection of aortic 
stricture with end-to-end anastomosis. The 
average preoperative ratios of systolic and 
pulse pressures in the femoral arteries to cor- 
responding pressures in the radial arteries in 
this group were 0.56 and 0.28 respectively. 
Three to 4 weeks after operation these figures 
were increased to 0.79 and 0.63 (Table IV). 
The time from the onset to the peak of the 
femoral pulse wave averaged 0.23 second be- 
fore operation and 0.17 second after operation. 

When the cases are grouped according to 
the clinical appraisal of clinically cured, im- 
proved, and unchanged, we find that in the 
immediate postoperative period the average 
values for the ratios and for the time required 
for development of the femoral pulse wave 
among these groups differ very little from the 
postoperative average in all the cases. Thus 
there is not a good correlation between clinical 
results and results of these laboratory tests. 

This can probably be explained on the basis 
that factors other than equalization of pres- 
sure and rates of blood flow above and below 
the stricture are involved. Chief among such 
factors are the degree of irreversible damage 
to the vascular system and the presence of 
other vascular anomalies. For example, the 
condition of a boy, 11 years of age, must be 
classified clinically as unchanged despite es- 
sentially normal results of laboratory tests 
after operation because he presents lowered 
cardiac reserve and an enormously dilated 
heart with a diastolic murmur quite possibly 
associated with a bicuspid aortic valve. Con- 
versely and unexplainably, another patient, 
23 years of age, presents the clinical picture 
of being cured, probably illusory, despite the 
fact that laboratory data indicate that little 
was accomplished toward bettering his cardi- 
ovascular dynamics. 

Two conclusions can be drawn from these 
data: First, since among most of our patients 
classified clinically as “cured” the ratio of 
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TABLE V.—PREOPERATIVE AND IMMEDIATE 
POSTOPERATIVE CLINICAL AND LABORATORY 
DATA ON 3 PATIENTS* 




















Ratio of femoral Onset to 
‘ ; to radial peak of 
ime of test an . femoral 
clinical status Patients : huteute’ pulse 
Systolic i pulse wave, 
Pressure | pressure sec. 
Preoperative: average 3 0.56 0.32 0.22 
Postoperative: average 3 0.60 0.42 0.21 
Improvement I 0.66 0.60 0.16 
No change 2 0.57 0.33 0.24 

















*Operative procedure: end-to-end anastomosis between left subclavian 
artery and the aorta distal to the site of coarctation. 


systolic pressure in the femoral artery to that 
in the radial artery was between 80 and 87 per 
cent of normal, it follows that complete equal- 
ization of femoral and radial pressures is not 
essential to good results, however desirable 
it may be. Secondly, if laboratory data of 
this type provide an indication of the anatomic 
adequacy of the anastomosis, and perhaps 
size of the descending aorta as we believe it 
does, clinical data alone cannot always be 
relied on to furnish adequate information for 
the evaluation of this point. 

Laboratory responses, like clinical re- 
sponses, often improve with passage of time 
after operation. We have been able to per- 
form laboratory tests on 15 patients more than 
once after operation. Tests revealed marked 
improvement in 5 cases, slight improvement 
in 3, no change in 4, a slightly worse condition 
in 2, and in 1 marked regression without 
change in the clinical status. 

Laboratory data from patients with end-to- 
end anastomosis between the left subclavian 
artery and the aorta distal to the stricture, 
though few in number, are in harmony with the 
clinical impression that the results from this 
operation are inferior to those obtained after 
end-to-end anastomosis of the aorta. Average 
postoperative values in 3 cases indicate ratios 
of femoral-to-radial systolic and pulse pres- 
sures of only 0.60 and 0.42 respectively (Table 
V). Although the cases are too few to permit 
the formulation of absolute conclusions, one 
of us (Clagett) avoids this procedure when- 
ever possible because of the disappointing 
clinical and laboratory data. 
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COMMENT 

Although the cure of coarctation of the 
aorta by the surgical resection of the con- 
stricted aortic portion is an established fact, 
many questions will be answered only in a 
period of years. It is worth while to em- 
phasize that of the young adults who have 
come to operation a considerable number al- 
ready had suffered from cerebrovascular ac- 
cidents or had aortic insufficiency and marked 
cardiac enlargement. Sometimes it is difficult 
or impossible to tell how much cardiac en- 
largement is related to the coarctation and 
how much to the aortic insufficiency. Further- 
more it is as yet unsettled whether operation 
is justifiable for patients in this condition. 

The early assumption that the younger pa- 
tients would be more likely to be completely 
cured than the older has been upset by certain 
exceptional cases in which a young individual 
with a good technical result has not shown 
the cure expected, and on the other hand, 
individuals approximately 40 years of age 
have shown a result which approximates cure. 
The development of complications is at pres- 
ent the best reason underlying the urging of 
treatment in adolescence or early adulthood. 
The criteria for the laboratory cure as indi- 
cated by normal pressure contours and rela- 
tionships of the femoral to radial pressures is 
not an absolute necessity in the criteria for 
clinical cure. The hearts of only a few pa- 
tients who have been followed over 2 years 
and who have had enlarged hearts, have di- 
minished much in size. Even when clinical 
results are good, the heart has stayed enlarged 
in the majority of cases, for at least 1 year 
after the operation. Likewise the electrocardio- 
graphic tracings have shown no dramatic 
change toward normal in cases in which they 
were abnormal prior to operation. As yet the 
notches in the ribs seen on the roentgenogram 
of thorax of patients who have had successful 
operations have not filled in. It is believed pos- 
sible that such findings will disappear eventual- 
ly andalso that the enlarged hearts in uncompli- 
cated cases will gradually return toward normal. 


SUMMARY AND CONCLUSIONS 


After resection for stricture and end-to-end 
anastomosis of the aorta in a group of 31 pa- 


tients varying in age from 11 to 38 years, 

approximately 50 per cent presented the clini. 

cal picture of a “cure” and more than go per 
cent were either clinically cured or improved, 

‘qualization of pressures above and below the 

site of stricture is one but not the sole factor 

determining the clinical result. 

Because of occasional apparently good clin- 
ical results associated with poor laboratory 
results, clinical data alone cannot always be 
relied on to establish the anatomic adequacy 
of the anastomosis. 

Both clinical and laboratory data indicate 
that end-to-end anastomosis of the aorta gives 
better results than end-to-end anastomosis of 
the left subclavian artery to the aorta. 

After operation, neither clinical status nor 
laboratory measurements are static. For some 
reason, both tend to improve with time. Re- 
gression, though it may occur, is compara- 
tively rare, at least in the first year or two 
after operation. 

The present report is necessarily of an in- 
terim nature. As is so often the case with new 
procedures, much more time will be required 
to evaluate this treatment. The results in so 
far as they can be appraised at present are 
most encouraging and justify the efforts be- 
ing made to aid sufferers from this congenital 
malady. 
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THE BREATH HOLDING TEST IN 





PULMONARY INSUFFICIENCY 


Evaluation of 1,000 Studies 


EDWARD A, GAENSLER, M.D., DONALD F. RAYL, M.D., and 
DOROTHY M. DONNELLY, Mattapan, Massachusetts 


HYSIOLOGIC observations of the ef- 
fect of voluntary breath holding date 
back to Valsalva (1740) and Mueller 
(1838). Maximal duration of volun- 

tary apnea as a test of disease has appealed to 
clinicians for many years, chiefly because this 
test requires no special equipment and not 
much effort on the part of patient and physi- 
cian. Sabrazes first used this test clinically. 
Since then abnormal breath holding time has 
been described as diagnostically significant in 
such diverse diseases as cardiac failure, hyper- 
tension, renal disease, thyrotoxicosis, myxe- 
dema, pre-eclampsia, anemia, pneumonia, 
bronchial asthma, bronchitis and emphysema, 
pulmonary tuberculosis, sepsis, thiamine de- 
ficiency, neurocirculatory asthenia, and in 
anxiety states and schizophrenia (2, 3, 4, 15, 
17, 21, 25, 27, 28). The test has been advo- 
cated for evaluation of anesthesia risk particu- 
larly in patients with heart disease, during 
pregnancy, and prior to dental surgery (25). 

Changes in breath holding time have been 
thought to have prognostic significance and 
such changes have been used to follow the 
effect of digitalis and oxygen therapy, to de- 
termine the proper time for thyroidectomy, to 
follow the progress of therapeutic pneumo- 
thorax, and the course of acidosis due to dia- 
betes, renal disease, and heart disease, and to 
determine the degree of acclimatization to 
high altitudes (2, 4, 12, 15, 17, 21, 23, 28). 
Voluntary breath holding has been used as a 
pressor test in hypertension, and a number of 
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ratios and relationships involving this test 
have been advocated as clinically significant. 
Of these the blood reduction time before and 
after voluntary apnea, the ratio between 
breath holding time during quiet respiration 
and after maximal inspiration and between 
that after maximal inspiration and the time 
after maximal expiration, breath holding time 
in conjunction with lung volume and blood 
gas studies and breath holding time in relation 
to extent of prior hyperventilation are the 
more important (6,.14, 21, 25). 

The stimulus of both World Wars for ex- 
perimentation with simple, rapid testing de- 
vices for “physical fitness” prior to induction 
has been responsible for mention of the breath 
holding test in this connection more than in 
any other. During the first World War both 
the British and the French Air Forces would 
not accept a candidate who was not able to 
hold his breath for 45 seconds (3, 7). At- 
tempts to prove the value of this test shortly 
after both wars by physiologic investigations 
and statistical analysis and correlation with 
other tests of “physical fitness” proved unsuc- 
cessful (20). 

Voluntary breath holding time has attracted 
a great deal of attention as a test for pulmo- 
nary function and has been advocated as a 
good yardstick of the degree of pulmonary in- 
sufficiency not only in medical history but 
even in the very recent literature (2, 3, 4, 6, 7, 
15, 17, 18, 21, 25, 27, 28), with few dissenting 
voices (14). The test has been included as 
part of the routine pulmonary function evalu- 
ation at our laboratory during the past 3 years 
because of its ever recurring mention as a 
valuable function test in the literature and be- 
cause of the absence in the literature of any 
correlation of breath holding time with evi- 
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TABLE I.—ETIOLOGY OF PULMONARY 
INSUFFICIENCY OF PATIENTS STUDIED 
Disease Operations and collapse therapy 
ORIBEIB..< oisisic sees 2  Cavernostomy........ 12 
AGBIOCIABIB «0.6.5.6 6500560 4  Cervicodorsal 
Bronchial asthma...... 42 sympathectomy..... 2 
Bronchiectasis........ 23 Exploratory 
Bronchogeniccarcinoma 16 thoracotomy........ 8 
Bronchopleural fistula.. 6 Extrapleural conversion 5 
Coarctation ofaorta.... 3 Lobectomy........... 27 
Constrictive pericarditis 2 Mitral valvulotomy.... 2 
Chest deformity....... 3 Monaldidrainage...... 2 
Cor pulmonale........ 6 Pericardiectomy....... I 
Empyema...........- 26 Phrenic interruption... 18 
Hiatus hernia......... 5 Pleurectomy and 
ee 5 pneumonectomy..... I 
Mitral stenosis........ 7  Plombage, 
Normal volunteers..... 23 extraperiosteal...... 3 
Pulmonary emphysema. 68 Plombage, extrapleural. 1 
Pulmonary fibrosis... .. 11 Pneumonectomy...... 34 
Pulmonary agenesis.... 1 Pneumoperitoneum.... go 
Pulmonary lesion, Pneumothorax........ 60 
? etiology........... 5  Pneumonolysis, 
Pregnancy...........- 2 extrapleural......... 32 
Stes | ee ee 4 Pneumonolysis, 
Thyroid, mediastinal... 1 intrapleural......... 8 
Traumatichemothorax. 2 Pulmonary — 
Tuberculosis, decortication........ 8 § 
pulmonary.......... 256 Pulmonary plexus 
PESECUION: «6.6.6 6.5 5 ois 5 
Segmental resection.... 6 
Thoracoplasty........ 155 


Thoracoplasty revision. 1 
Thoracoplasty, Schede. 1 


dence of pulmonary insufficiency other than 
decreased vital capacity. 


METHOD 


The maximal voluntary breath holding time 
was determined in the sitting position after 3 
consecutive deep inhalations. This method 
was chosen arbitrarily because it appeared to 
us that patients with good pulmonary func- 
tion might be able to wash out a great deal 
more carbon dioxide during the preceding 3 
deep breaths than patients with poor function 
and thus the breath holding time might relate 
more closely to pulmonary function (14). This 
method has also been used in the recent litera- 
ture (20). During the apneic period patients 
were encouraged to continue their effort. 
Other functional studies carried out routinely 
at our laboratory have been described by us 
elsewhere (5, 10). In general the outline of 
studies suggested by Baldwin, Cournand, and 
Richards, by Warring, and by Wright (29) 
has been followed. Three efforts, interrupted 
by suitable rest periods of 10 to 20 minutes, 
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were recorded of all ventilatory studies per- 
formed, and the best effort was used for sta- 
tistical analysis. 

A number of criteria for an adequate test of 
pulmonary function were made: (1) A test to 
be useful for estimation of pulmonary insuffi- 
ciency should show a high degree of correla- 
tion with other well established tests of pul- 
monary function. (2) A useful test should 
show at least some correlation with subjective 
symptoms of dyspnea. (3) The “training fac- 
tor,’ as shown by improvement with succes- 
sive tests, should be small. (4) In the absence 
of pulmonary changes values obtained from 
the same patient on widely separated occa- 
sions should be similar. (5) Effects of collapse 
therapy or extirpative surgery should be mir- 
rored by parallel changes of the results of the 
test. (6) The psychological factors should be 
minimal in co-operative patients of average 
intelligence. The results were analyzed with 
these points in mind. 


RESULTS 


Four hundred and twenty-five patients were 
studied on 1,000 occasions. Pulmonary tuber- 
culosis with its complications and collapse 
therapy was responsible for the pulmonary in- 
sufficiency in about one-half of the patients. 
A detailed enumeration of the various diseases 
and types of surgery studied is given in 
Table I. 

Correlation of breath holding time with other 
tests of ventilation. The two most commonly 
used tests of ventilatory function, that is the 
mass exchange of air from the outside atmos- 
phere into the lungs (1), are the vital capacity 
and the maximum breathing capacity (13). 
Results of these studies, performed on all pa- 
tients, were calculated as per cent of the pre- 
dicted normal value according to the regres- 
sion formula of Baldwin, Cournand, and Rich- 
ards and the best of 3 efforts were correlated 
with the breath holding time in seconds. 

The relationship between these tests was 
expressed statistically as the coefficient of cor- 
relation, r. If no association exists, r equals o, 
and if there is complete dependence between 
two testing methods, r equals 1. For any 
other degree of correlation r lies between o and 
1, the correlation being poor as r approaches o 
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Fig. 1. Scatter diagram showing relationship between 
breath holding time in seconds and vital capacity as per 
cent of predicted. The coefficience of correlation is 
0.38 £0.03. 


and high as it approaches 1. The standard 
error of the coefficient ((/W/n—1) was +0.032 
for all studies since the number of samples 
was 1,000. To be accepted as “significant”’ 
the coefficient of correlation, r, should be at 
least 5 times its standard error (16). 

Figure 1 represents a scatter diagram with 
breath holding in seconds as the ordinate and 
per cent of predicted vital capacity as the 
abscissa. The figure shows a wide scatter with 
very little relationship between per cent of 
predicted vital capacity and breath holding 
ability. A number of patients with vital ca- 
pacities of over 100 per cent of predicted 
showed breath holding times of only 25 to 30 
seconds while many with vital capacities of 
only 40 per cent were able to hold their 
breaths for 60, 70, and more seconds. The 
degree of scatter was expressed by a coeffi- 
cient of correlation, r, of 0.38+0.03. Pre- 
viously, good correlation between these two 
tests was thought to exist by most (15, 17, 18). 

The dependence between per cent of pre- 
dicted maximum breathing capacity and 
breath holding in seconds is illustrated in Fig- 
ure 2. The degree of scatter was here even 
wider, as expressed by r=o0.28+0.03. The 
maximum breathing capacity is a more re- 
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Fig. 2. Scatter diagram showing relationship between 
breath holding time in seconds and maximum breathing 
capacity as per cent of predicted. The coefficient of corre- 
lation is 0.28 +0.03. 


liable test of ventilatory function than the 
vital capacity (8, 9) and the poor correlation 
here is, therefore, more significant. 

The maximum breathing capacity was also 
related to vital capacity, both expressed as 
per cent of predicted (Fig. 3). The solid dots 
represent patients with pulmonary insuffi- 
ciency due to a decreased amount of function- 
ing parenchymal lung tissue while the circles 
show values for patients whose primary diffi- 
culty was obstruction to the flow of air as in 
bronchial asthma, emphysema, and broncho- 
stenosis. The correlation between vital capac- 
ity and maximum breathing capacity for the 
first group was very good (r=o.71+0.03) 
while the correlation for all patients together 
was less good (r =0.56 0.03) but still signifi- 
cant. The relationship between maximum 
breathing capacity and vital capacity has been 
used by us as a rough measure of the velocity 
of air flow (8). 

Correlation of breath holding time with sub- 
jective dyspnea. Maximum breathing capacity 
and vital capacity in per cent of predicted and 
breath holding time in seconds were correlated 
with subjective dyspnea. For statistical anal- 
ysis, to obtain a positive correlation, no dysp- 
nea was called 3, slight dyspnea 2, marked 
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VITAL CAPACITY, PER CENT OF PREDICTED 

Fig. 3. Scatter diagram showing relationship between 
maximum breathing capacity and vital capacity, both as 
per cent of predicted. The solid dots represent patient 
with pulmonary insufficiency due to a decreased amount of 
functioning parenchymal tissue; the coefficient of correla- 
tion for these was 0.71+0.04. The circles represent pa- 
tients with pulmonary insufficiency due to bronchial asth- 
ma, emphysema, and bronchostenosis. The coefficient of 
correlation for all patients together was 0.56 +0.03. 


dyspnea 1, and severe dyspnea o. An excellent 
agreement was shown between dyspnea and 
maximum breathing capacity as expressed by 
r=o0.80+0.03 (Fig. 4). Patients with maxi- 
mum breathing capacities of less than 40 per 
cent invariably showed marked dyspnea; those 
with capacities over 70 per cent never showed 
more than slight dyspnea (Fig. 4, a). 

Dyspnea, a subjective symptom, can never 
be completely related to pulmonary function 
tests since the realization of the necessity of 
labored breathing occurs at different levels for 
various patients. Furthermore, maximal ven- 
tilation measured in the laboratory may be 
normal in the presence of dyspnea, which may 
be due to an excessive need for oxygen, be- 
cause of poor mixing of gases in the lungs, or 
poor oxygen transfer across the alveolar mem- 
brane. If the maximum breathing capacity is 
related to ventilatory requirement during ex- 
ercise, many of these variables are eliminated 
and an even better correlation between such 
breathing reserve and dyspnea can be ob- 
tained (26). 
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There was a very poor correlation between 
dyspnea and vital capacity, r=o.24+0.03, 
(Fig. 4, b) and no relation between dyspnea 
and breath holding time, r=o.19+0.03, 
(Fig. 4, c). A number of patients with severe 
dyspnea were able to hold their breaths for 60 
and even 80 seconds while others with no 
dyspnea were unable to hold their breaths for 
more than 20 seconds (Fig. 4, c). 

Correlation of breath holding time with anoxe- 
mia. A great deal has been written about the 
interrelationship of voluntary apnea and res- 
piration, or alveolo-arterial gaseous exchange 
(6, 7, 12, 19, 23). We elected, therefore, to 
study the effect of respiratory insufficiency on 
the breath holding time. In general patients 
with normal or nearly normal ventilatory 
function do not show respiratory insufficiency 
as demonstrated by low arterial oxyhemoglo- 
bin saturation or respiratory acidosis or both. 
On the other hand patients with marked ven- 
tilatory insufficiency may or may not also 
show respiratory insufficiency. For this study 
only patients with severe ventilatory incapac- 
ity were selected. Such severe impairment 
was arbitrarily defined as being present if the 
best maximum breathing capacity was less 
than 50 per cent of predicted. This situation 
was found 129 times during the course of 1,000 
studies. Of these 129 patients 92 showed no 
evidence of respiratory insufficiency. Their 
mean maximum breathing capacity was 41.1 
per cent of predicted and their mean breath 
holding time was 29.6 seconds (Fig. 5, a). The 
remaining 37 patients showed definite res- 
piratory insufficiency demonstrated by resting 
arterial oxyhemoglobin saturations of less 
than go per cent or by obvious cyanosis at 
rest. The mean maximum breathing capacity 
of this group was almost identical to that of 
the first group—4o.4 per cent of predicted— 
but, unexpectedly, their mean breath holding 
time was 56.0 seconds, almost double that of 
the patients without respiratory insufficiency 
(Fig. 5, b). 

The “break” of voluntary breath holding 
while breathing ambient air at or near sea 
level is due to the effect of accumulated car- 
bon dioxide on the respiratory center (12, 19, 
20, 23). Patients with chronic respiratory de- 
compensation show a greatly reduced sensi- 
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Fig. 4. Scatter diagrams showing relationship between subjective dyspnea and, a, breath holding, 
b, vital capacity, and, c, maximum breathing capacity. The coefficients of correlation, r, are indicated. 


tivity to high carbon dioxide tensions, a fact 
repeatedly demonstrated by the small re- 
sponse of minute ventilation to inhalation of 
air with added carbon dioxide (24). In such 
patients, respiration is apparently chiefly con- 
trolled by variations of arterial oxygen on the 
carotid body and aortic chemoreceptor. The 
remarkable ability of such patients to hold 
their breath for long periods of time is appar- 
ently another manifestation of this slowly de- 
veloped high carbon dioxide threshold of the 
respiratory center. Schneider and Henderson 
have stated that it is not possible to make 
oneself unconscious by voluntary breath hold- 
ing, because carbon dioxide accumulation will 
cause a “break” long before arterial oxygen 
saturation has decreased sufficiently for this 
to occur. Nevertheless, these investigators 
found that they lost consciousness repeatedly 
if they held their breath in a high altitude 
chamber (12, 23). Oxygen tensions at alti- 
tudes of 16,000 feet were lowered to such an 
extent that the effect of low arterial oxygen 
made itself felt before the “break” due to car- 
bon dioxide accumulation occurred. We have 
observed 3 patients with severe pulmonary 
emphysema and cyanosis at rest who repeat- 


edly held their breaths voluntarily until un- 
consciousness accompanied by small convul- 
sive movements occurred. Again the warning 
signs of excessive arterial carbon dioxide ten- 
sions did not occur and a “break” of sorts was 
finally due to oxygen lack. 

Breath holding time and the “training factor.” 
The “training factor” of any pulmonary func- 
tion test depending on a voluntary maximal 
effort by the patient should be small. Marked 
improvement with successive tests is disad- 
vantageous because repeated testing requires 
much time and effort of both the patient and 
the laboratory staff, and an endpoint or truly 
“best” effort may not be obtained before re- 
sults are beginning to decrease because of fa- 
tigue. Figure 6 illustrates this “training fac- 
tor” expressed in mean values of 9,000 efforts. 
Maximum breathing capacity (Fig. 6, a), vital 
capacity (Fig. 6, b), and breath holding time 
(Fig. 6, c) were obtained on 3 successive occa- 
sions interrupted by rest periods of 10 to 20 
minutes. The last of the 3 efforts, almost in- 
variably the best one, was called 100 per cent. 
The smallest ‘training factor” was observed 
with the vital capacity (Fig. 6, b). Here the 
first effort was 97 per cent of the best one. 
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Fig. 5. The effect of chronic hypoxia on the breath hold- 
ing time: a, at left, no hypoxia, 92 patients; b, at right, 
hypoxia at rest, 37 patients. Black columns, breath holding 
in seconds; cross hatched column, maximum breathing 
capacity, per cent of predicted. 


With the maximum breathing capacity the 
increment due to the training factor was quite 
large between the first and the second effort, 
as evidenced by an improvement from go to 
98 per cent of the best effort. This is due to 
the fact that patients usually do not find their 
best rate and depth of maximal breathing im- 
mediately. The learning effect from the sec- 
ond to the third test was minimal (2 per cent) 
and we agree with others that the “training 
factor” of the maximum breathing capacity is 
generally small (30). We, like others, require 
successive maximum breathing tests to check 
within 5 per cent (30). The effect of training 
was most marked with voluntary breath hold- 
ing. The first effort was only 75 per cent of 
the last one and an 8 per cent improvement 
still occurred between the second and third 
effort (Fig. 6, c). Attempts to obtain breath 
holding times which checked within 5 per cent 
were soon abandoned. 

The “psychological factor” and breath holding 
time. Attempts were made to study the psy- 
chological factor in breath holding in 35 un- 
selected patients. During routine testing pa- 
tients had no occasion to observe a clock, but 
they were always told the result of the breath 
holding effort. Occasionally a patient spon- 
taneously requested the privilege to observe 


the stop watch during the test. This invari- 
ably caused a great improvement over the pre- 
ceding effort. This suggested to us to measure 
such psychological effects quantitatively. 

Three consecutive routine tests, interrupted 
by rest periods, were made. At the ‘“‘break” 
patients were told how long they had held 
their breaths. A fourth test was then made 
during which the patient was permitted to 
observe the stop watch. The watch was then 
removed from the patient’s sight and during a 
fifth test the time was called, e.g. “5 seconds” 
was called at the end of 6 seconds, “‘to sec- 
onds”’ at the end of 12 seconds and so forth. 
Finally a sixth breath holding test was carried 
out in which 2 seconds were added to every 
5 second period called out. This deception 
could not be extended further because call- 
ing of 5 seconds every 8 seconds was usually 
recognized by the patients. The results of 
these studies are shown in Figure 7. The mean 
values for the first 3 routine efforts were 25, 
30, and 34 seconds, respectively. Observing 
the watch resulted in a further improvement 
to 42 seconds. Calling “‘5 seconds” every 6 
seconds increas2d the breath holding time to 
53 seconds and calling every 7 seconds re- 
sulted in a mean breath holding time of 58 
seconds. Psychological factors therefore al- 
most doubled the ‘‘best”’ voluntary breath 
holding time and the combined effects of the 
“training factor” and the “psychological fac- 
tor’ were responsible for a 132 per cent im- 
provement over the initial breath holding 
time. 

Repeated ventilatory studies of the same pa- 
tients. Adequate tests of pulmonary function 
should afford a quantitative, objective means 
of following the progression of ventilation- 
damaging disease and the effect of collapse 
therapy and pulmonary resection. All pa- 
tients undergoing collapse therapy or resec- 
tion at this hospital were studied in the labora- 
tory immediately prior to operation, 14 days 
after each surgical stage, 14 days after con- 
clusion of the surgical program, and at inter- 
vals during the 6 month convalescence period 
(11). Figure 8 shows the best of 3 efforts of 
the maximum breathing capacity and vital 
capacity in per cent of predicted and of the 
breath holding time in seconds at these time 
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Fig. 6. Improvement with successive tests of maximum 
breathing capacity, a, left, vital capacity, b, middle, and 
c, right, breath holding time illustrating the “training 
factor.” The third tests were called “too per cent.” 


intervals of 20 patients selected at random 
who have had thoracoplasty in at least three 
stages. Maximum breathing capacity and vi- 
tal capacity invariably showed a precipitous 
decline after the first stage, the decrease being 
relatively greater for patients with nearly nor- 
mal initial function. Further rib resections in 
stages caused a further decrease of ventilatory 
function as expressed by these tests in all pa- 
tients. During the successive 6 months of re- 
covery there was invariable improvement of 
both maximum breathing capacity and vital 
capacity, the increase of the former being al- 
most always greater. Voluntary breath hold- 
ing time varied so greatly during successive 
tests of the same patients that no conclusions 
as to the effect of thoracoplasty on pulmonary 
function could be drawn (Fig. 8). Similar 
serial studies of ventilatory function of the 
same patients were made before, during, and 
after pregnancy, pleural effusion, extrapleural 
pneumothorax (11), pulmonary emphysema 
treated with pneumoperitoneum (5, 10), at- 
tacks of bronchial asthma (9), phrenic nerve 
interruption (22), pulmonary decortication, 
and during progression and regression of tu- 
berculous pulmonary parenchymal disease. In 
none of these instances was the breath holding 
time of any help in interpreting changes of 
pulmonary function. 


DISCUSSION 
Laboratory tests are of immeasurable aid in 


the diagnosis and treatment of disease. The 
usefulness of such tests depends on the ability 
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Fig. 7. Psychological factors in breath holding, mean, 
35 patients. The first 3 attempts were routine efforts, the 
fourth column shows the mean breath holding time when 
patients were permitted to observe the stop watch. Col- 
umns 5 and 6 show mean breath holding times when pa- 
tients were told during the test that 5 seconds had gone by, 
every 6 seconds for column 5 and every 7 seconds for 
column 6. 


to standardize the testing method, to estab- 
lish normal values, to rule out physical and 
psychological factors not connected with the 
function to be tested, and lastly upon the 
specificity with which the function of the or- 
gan is actually tested. The breath holding 
test is poorly standardized. Results depend 
a great deal upon previous hyperventilation, 
timing of the test in inspiration or expiration, 
whether it is taken at the end of quiet or 
forced breathing, on the position of the pa- 
tient, and on recovery from previous exercise 
(6, 12, 14, 15, 21, 23, 25, 28). Psychological 
factors have been shown to play a major role 
in the outcome of the test and this personal 
element of the breath holding test has been 
noted by others as well (7, 18). Alert and sen- 
sitive persons often are not able to hold their 
breaths for as long as relatively dull and ‘“‘un- 
fit” persons (7). Co-operation and experience 
with the test aid in prolonging the breath 
holding time; the training factor is larger than 
with other commonly employed pulmonary 
function tests. Occupation and physical train- 
ing play a great role. Swimmers and divers, 
glassblowers and wind instrumentalists all 
have prolonged breath holding times. For 
many of these reasons normal breath holding 
times have never been established and values 
in the literature vary all the way from 15 to 70 
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Fig. 8. Repeated ventilatory studies of 20 patients before thoracoplasty, 14 days 
after every stage, and during the 6 months’ recovery period, a, left, Maximum breath- 
ing capacity, per cent of predicted; b, middle, vital capacity, per cent of predicted; 


c, right, breath holding, seconds. 


seconds—the identical range which we found 
in patients with severe pulmonary insufli- 
ciency. All these variables are also responsible 
for the inability of the same patients to re- 
duplicate their efforts on widely separated 
occasions, 

Some of these objections apply to all pres- 
ently employed ventilatory tests, but the vol- 
untary breath holding time, unlike other func- 
tion tests, must be further criticized because 
of its lack of specificity. It does not test for 
ventilatory function alone. Entirely aside 
from physical and psychological factors, the 
duration of the breath holding time depends 
on the normal functioning of a series of phys- 
iologic processes which range all the way from 
mass exchange of air in and out of the lungs 
to tissue metabolism. The length of the breath 
holding thus depends not only on pulmonary 
function but also the efficiency with which the 
oxygen is taken up and carried by the blood, 
the rate at which oxygen is utilized by the 
tissues, the acid base balance of the body, and 
finally the sensitivity of the respiratory center 
to accumulated metabolic products and the 
willingness of the subject to tolerate the dis- 


comfort due to the action of these metabolic 
products on the center. Diseases of the blood 
and blood vessels, the heart, kidneys, thyroid, 
and the central nervous system are only a few 
of the more obvious factors which may affect 
the breath holding time. 

A number of well controlled and stimulating 
investigations have been carried out with the 
help of voluntary breath holding (6, 12, 14, 
19, 23). In these studies it was possible to 
eliminate many of the variables by the choice 
of healthy, well trained, co-operative volun- 
teers. If all other variables are maintained 
constant, it is possible to show statistically 
significant changes in the breath holding time 
by changing one single variable, such as the 
oxygen tension of the inspired air or the num- 
ber of forced breaths prior to the test. Such 
favorable circumstances cannot be created in 
the clinical laboratory while testing patients 
with pulmonary insufliciency. 


CONCLUSIONS 


Maximal voluntary breath holding is not an 
adequate test of pulmonary function. The 
only conclusion which can be drawn from a 
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greatly reduced breath holding time is that the 
patient was unco-operative, poorly trained, 
or ill. 

SUMMARY 

Pulmonary function studies were correlated 
with voluntary breath holding in 425 patients 
with pulmonary insufficiency studied on 1,000 
occasions. 

Breath holding was poorly related to maxi- 
mum breathing capacity (coefficient of corre- 
lation, r=0.28) and only little better related 
to vital capacity (r=0.38). There was a fair 
relationship between vital capacity and maxi- 
mum breathing capacity (r =o0.56) and, if pa- 
tients with bronchial asthma, emphysema, 
and bronchostenosis were omitted the correla- 
tion was excellent (r=o.71). 

Correlation between subjective dyspnea and 
breath holding (r =0.19) and dyspnea and vi- 
tal capacity (r=0.24) was poor. Subjective 
dyspnea and maximum breathing capacity 
were found to be closely related (r =o0.80). 

Chronic arterial hypoxia caused a prolonga- 
tion of the breath holding time. Ninety-two 
patients with severe ventilatory insufficiency 
without hypoxia at rest showed a mean breath 
holding time of 29.6 seconds; 37 patients with 
both severe ventilatory insufficiency and 
hypoxia at rest had a mean breath holding 
time of 56.0 seconds. 

The “training factor” of the breath holding 
test was 12 times as great as that of vital ca- 
pacity and 5 times larger than that found with 
repeated performance of maximum breathing 
capacity. 

The ‘‘psychological factor’? was very large 
with the breath holding test. By permitting 
patients to observe the stop watch at times 
and by deceiving patients about the correct 
time intervals, the breath holding time could 
be more than doubled. 

Variations of the breath holding time of the 
same patients were so large from day to day 
that this test, unlike the maximum breathing 
capacity and the vital capacity, did not afford 
a quantitive means of following the course of 
collapse therapy and other thoracic surgical 
procedures, 

The breath holding test is not an adequate 
test of pulmonary function and its use in this 
connection should be abandoned. 


6. 


Il. 


12. 


13. 


14. 


15. 
16. 


20. 


21. 


22. 


. CARTER, M. G., GAENSLER, Be Pe 


. GAENSLER, E. 


. HUuNDHAUSEN, G. 


. Otis, 


BREATH HOLDING TEST IN PULMONARY INSUFFICIENCY 89 


REFERENCES 


. BALDWIN, E. pEF., COURNAND, A., and RIcHARDs, D. 


W. Jr. Pulmonary insufficiency—I, physiological 
classification, clinical methods of analysis, standard 
values in normal subjects. Medicine, 1948, 27: 243. 

Baracu, A. L. In discussion of Ornstein, G.G. The 
measurement of the function of the lungs. Dis. 
Chest, 1949, 15: 280. 

Bret, L., and Bourcgots, M. Exploration clinique 
de la fonction respiratoire; l’epreuve du maximum 
d’apnee volontaire. Presse méd., 1920, 28: 381. 

BriEGER, E. Der Aufbau der objectiven Leistungs- 
diagnose zur Beurteilung der Arbeitsfaehigkeit bei 
Erkrankungen des Respirationsapparates. Klin. 
Wschr., 1933, 12: 153 

and KyYLLONEN, A. 
Treatment of pulmonary emphysema with pneu- 
moperitoneum. N. England J. M., 1950, in press. 

Ferris, E. B., ENGEL, G. L., STEVENS, C. D., and 
Wess, J. Voluntary breath holding—III, the relation 
of the maximum time of breath holding to the oxygen 
and carbondioxide tensions of the arterial blood, 
with a note on its clinical and physiological signifi- 
cance. J. Clin. Invest., 1946, 25: 734. 


. Fracx, M. Simple tests of physical efficiency. Lancet, 


Lond., 1919, 1: 210. 


. GAENSLER, E. A. Air velocity index; a numerical ex- 


pression of the functionally effective portion of ven- 
tilation. Am. Rev. Tuberc., 1950, 62: 17. 


. Idem. Ventilatory tests in bronchial asthma. Evalu- 


ation of vital capacity and oe breathing 
capacity. J. Allergy, 1950, 21: 232. 

A. and CARTER, M. G. Ventilation 
measurements in pulmonary emphysema treated 
with pneumoperitoneum. J. Laborat. Clin. M., 1950, 


35: 945. 

GAENSLER, E. A., and STRIEDER, J. W. Pulmonary 
function before and after extrapleural pneumothorax; 
a comparison with other forms of collapse and re- 
section. J. Thorac. Surg., 1950, in press. 

HENDERSON, Y. Adventures in Respiration. Pp. 53, 
83. Baltimore: Williams & Wilkins, 1938. 

HERMANNSEN, J. Untersuchungen ueber die maximale 
Ventilationsgroesse —— Zschr. ges. 
exp. Med., 1933, 90: 13 

HERRLINGER, R. Der willkuerliche Atemstillstand als 
Funktionspruefung. Zschr. ges exp. Med., 1941, 
109: 357. 

Heymer, A. Atemfunktionspruefung bei Kollaps- 
therapie. Muench, Med. Wschr., 1933, 80: 1347. 

Hitt, A. B. Principles of Medical Statistics. 4th ed., 
pp. 142-161. London: The Lancet Limited, 1940. 

Die willkuerliche Atempause als 

Funktionspruefung. Klin. Wschr., 1935, 14: 62. 


. McMeEcuan, F. H. Diagnostic and prognostic value 


of the breath holding test. California West. M,, 

1922, 20: 377. 

A. B., Raun, H., and Fenn, W. O. Alveolar 
gas exchange during breath holding. Am. J. 
Physiol., 1948, 152: 674. 

RopBARD, The effect of oxygen, altitude and 
exercise on breath holding time. Am. J. Physiol., 
1947, 150: 142. 

SABRAZES, J. La duree de la pause apneique volon- 
taire. Gaz. hebd. sc. med. de Bordeaux, 1902, 23: 90. 

Sarnoff, S. J., GAENSLER, E. A., and MALONEY, J. V. 
Electrophrenic respiration—IV, differential bron- 
chospirometry during stimulation of one phrenic 
nerve in man. J. Thorac. Surg., 1950, 19: 920. 





go SURGERY, GYNECOLOGY AND OBSTETRICS 


23. SCHNEIDER, E. C. Respiration at high altitudes. Yale 
J. Biol., 1932, 4: 537. 

24. Scott, R. W. Observations on the pathologic phys- 
iology of chronic pulmonary emphysema. Arch. 
Int. M., 1920, 26: 545. 

25. STANGE, V. A. Prognosis in general anesthesia. Russ. 
vrach., 1914, 28: 31; abstr. J. Am. M. Ass., 1914, 
62: 1132. 

26. WARRING, F.C. Jr. Ventilatory function; experiences 
with simple procedure for its evaluation in pulmon- 


ary tuberculosis. Am. Rev. Tuberc., 1945, 51: 432. 

27. WuiTE, P. D. Heart Disease. 3d ed., p. 234. New 
York: The Macmillan Co., 1944. 

28. Witticn, F. W., and Potczak, J. A. Comparison of 
breath holding tests with vital capacity in health 
and disease. Am. Rev. Tuberc., 1926, 13: 54. 

29. WRIGHT, G. W. Personal communications. 

30. Idem. In discussion of Comroe, J. H. Methods in 
Medical Research. Vol. 2, p. 213. Chicago: The 
Year Book Publishers, 1950. 


THE INFLUENCE OF VARYING SUBCALORIC DIETS ON 
NITROGEN LOSS AND RECOVERY FOLLOWING 
STANDARDIZED SURGICAL TRAUMA 


MORTON D. PAREIRA, M.D., F.A.C.S., J. G. PROBSTEIN, M.D., F.A.C.S., 
and MICHAEL SOMOGYI, Ph.D., Saint Louis, Missouri 


BNORMAL protein metabolism is one 
of several metabolic disturbances 
that can seriously impair postopera- 
tive convalescence. The untoward 

consequences of hypoproteinemia (4), espe- 
cially in the postoperative state (5), are well 
recognized and respected. 

It is known that in the normal animal and 
human the intravenous administration of 
amino acid mixtures is apt to maintain nitro- 
gen balance, and even may reverse hypopro- 
teinemia, provided that adequate amounts of 
carbohydrate and total calories are supplied 
simultaneously (7, 10, 11). During acute 
postoperative convalescence, however, the 
results of quantitative studies and of clinical 
observations have not been quite so unequiv- 
ocal (2, 12, 13). This is not surprising in 
view of the obstacles to nitrogen utilization 
imposed by posttraumatic “toxic destruction 
of protein,” the use of almost inevitably sub- 
caloric diets, and—a factor that is often over- 
looked—the frequent impairment of liver 
function. 

As a matter of fact, one must raise the 
question whether or not the administration 
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of amino acids in many of the postoperative 
states is indicated at all; and one must not dis- 
regard the possibility that it may entail harm- 
ful side effects rather than being useful. To 
be considered in the first place is the fact that 
intravenous alimentation is almost always 
subcaloric. This being the case, the body is 
forced to use amino acids as fuel and hence 
has hardly any opportunity to convert them 
into tissue or plasma proteins. Under such 
conditions an equivalent amount of carbo- 
hydrate is undoubtedly preferable to amino 
acids, for the simple reason that carbohydrate 
is the preferential fuel of the body and can be 
much more easily metabolized than either fats 
or proteins. Since it is well known that amino 
acids must be deaminized and converted in 
part to sugar and in part to ketone bodies 
before they can be oxidized, their use under 
conditions under which they are bound to 
serve mainly as fuel, imposes an undue burden 
upon the metabolic mechanism. But even if 
it were possible to administer amino acids in 
a parenteral diet which is adequate in regard 
to calorie supply, the fact still remains that 
in many postoperative conditions there are 
pathologic factors which prevent the syntheti- 
zation of amino acids to protein. These factors 
are collectively designated by many appella- 
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TABLE I.—DOG I, NONSURGICAL PERIODS 


SUBCALORIC DIETS AFTER SURGICAL TRAUMA 


TABLE II.—DOG I, SURGICAL PERIODS 



















































































Siaeas Nitrogen balance, grams Body Saiee Nitrogen balance, grams Body 
Dietary regimen tion weight Dietary regimen tion, weight 
days | Intake Output | Balance} 8T@™S days | Intake Output | Balance| 8™@™S 
Following 3 wks. on 5 46.5 46.2 + 03 | 8,400 Following 3 wks. on 
maintenance diet, maintenance diet, 5 46.5 46.0 +04] 8,275 
484 cal. 484 cal. 
Starvation 7 ° 18.4 —18.4 | 7,550 Starvation (post- 
- operative) 7 ° 18.9 —18.9 | 7,475 
Adjustment diet, 558 31 332.0 314.5 +17.6 
cal. Adjustment diet 
558 cal. 28 200.9 281.7 +18.2 
Following 3 wks. on 5 46.5 46.5 ° 8,390 
maintenance diet, Following 3 wks. on 
484 cal. maintenance diet, 4 37.2 37.0 + 0.2] 8,180 
484 cal. 
Carbohydrate only, 7 ° 12.9 —12.9 | 8,160 
175 cal. Carbohydrate only, 
. 175 cal. (post- 7 ° 14.6 —14.6 7,720 
 siamnane diet, 558 6 64.3 51.6 +12.7 operative) 
cal. 
Adjustment diet, 
Following 3 wks. on 558 cal. ] 75.0 50.3 +15.7 
maintenance diet, 4 37-2 37.0 + 0.2 | 8,230 
484 cal. Following 3 wks. on 
maintenance diet, 6 53-7 55-7 ° 8,170 
Carbohydrate-amino 7 17.0 24.1 — 7.1 | 7,490 484 cal. 
acid, 175 cal. 
Carbohydrate-amino 
Adjustment diet, 7 75.0 67.8 + 7.2 acid, 175 cal. (post- 7 17.0 28.7 —11.7 | 7,490 
558 cal. operative) 
4 
: fie n a - Adjustment diet, 15 160.6 149.2 +11.4 
tions, the most familiar probably being “‘toxic —_558 al. 


destruction of proteins.” While there have 
been some claims to the contrary, it is not yet 
soundly established that this phenomenon can 
be averted in the posttraumatic state (13). 
The studies presented in this paper were 
performed with dogs as experimental animals, 
with the purpose of evaluating the administra- 
tion of amino acids in subcaloric dietary regi- 
mens in the immediate postoperative state. 


METHOD 


Two healthy, parasite-free dogs were used. 
They were fed on balanced diets, the food re- 
quirement being calculated according to Cow- 
gill’s formula: 


Dog I Dog II 
Main- Adijust- Main- Adjust- 


tenance ment tenance ment 
Total calories...... 484 558 gIo 1074 
Grams nitrogen... . 9.3 10.7 17.8 20.9 
Grams carbohydrate 33-3 38.4 60.8 71.3 
Grams fat......... 13.2 15.2 25.2 29.6 


This diet was supplied by lean (raw) horse- 
meat, and white bread to which was added: 
vitamin A, 200 units; activated ergosterol, 
300 units; ascorbic acid, 35 milligrams; thia- 
min, 1.5 milligrams; riboflavin, 1.5 milligrams; 
niacin and niacin amide, 10 milligrams; pyri- 
doxin, 0.75 milligram; calcium pantothenate, 
1.5 milligrams; alpha tocopherol, 0.75 milli- 




















gram, and bone meal, 1.5 milligrams. The 
dogs were fed on these diets for 3 months prior 
to the experimental periods to establish their 
nutritional background. 

At the end of this time, with the dogs in 
stable nitrogen balance, they were subjected 
to three different dietary regimens, between 
each of which they were allowed to re-estab- 
lish nitrogen balance, first on the adjustment 
diet and then on the maintenance diet. The 
three regimens consisted of: (1) starvation; 
(2) carbohydrate (glucose-dexin mixture) 
only; and (3) a mixture of one-half carbohy- 
drate (glucose-dexin mixture) and one-half 
amino acids (protolysate). Diets number 2 
and 3 were of identical caloric value, and rep- 
resented 33 per cent of the maintenance diet 
for dog I, and 4o per cent for dog II. The 
sequence of these three regimens was different 
in the two animals, as denoted in the tables. 
The series of different diets were administered 
to each dog twice, in one series each diet be- 
ing preceded by a standard surgical trauma, 
and in the other each diet being given with- 
out preceding trauma. In each of the surgical 
periods the dogs were starved on the day of 
operation and given the chosen diet for the 6 
ensuing days. In the nonsurgical periods each 


92 SURGERY, GYNECOLOGY AND OBSTETRICS 



















































































TABLE III.——DOG II, NONSURGICAL PERIODS TABLE IV.—DOG II, SURGICAL PERIODS 
’ ; Dura- Nitrogen balance, grams | poq Dura- | Nitrogen balance, grams | it 
Dietary regimen tion, weight Dietary regimen tion, weight 
days | Intake Output | Balance| 8™@™S days | Intake Output | Balance| 8™@ms 
Following 3 wks. on Following 3 wks. on 
maintenance diet, 6 106.6 105.3 + 1.3 | 16,650 maintenance diet, 8 142.2 140.9 + 1.3 | 15,700 
gro cal. gro cal. 
Carbohydrate only, Carbohydrate only, 
364 cal. 7 ° 23.1 —23.1 | 15,880 364 cal. (post- 7 ° 30.0 —30.0 | 14,800 
- ~ operative 
Adjustment diet, |$—_——_—. 
1,074 4 83.5 60.4 +23.1 Adjustment diet, 
: 1,074 cal. 7 146.1 116.7 +29.4 
Following 3 wks. on 
maintenance diet, 5 88.8 88.5 + 0.3 | 17,270 Following 3 wks. on 
gro cal. maintenance diet, 6 106.6 106.9 — 0.3 | 16,680 
gto cal. 
Carbohydrate-amino 
acid, 364 cal. 7 35-4 52.1 —16.7 | 16,120 Carbohydrate-amino 
: : acid, 364 cal. 7 35-4 64.0 —28.6 | 15,550 
Adjustment diet, (postoperative) 
1,074 cal. 9 187.8 171.3 +16.5 
- Adjustment diet, 
Following 3 wks. on 1,074 cal. 12 230.4 201.8 +28.6 
maintenance diet, 4 71.1 70.2 + 0.9 | 16,850 
gro cal. Following 3 wks. on 
maintenance diet, 5 89.2 88.8 — 0.6 | 16,460 
Starvation 7 ° 26.8 —26.8 | 14,920 gto cal. 
Adjustment diet, Starvation (post- 
_tomgcal. | to | 208.7 | 181.9 | +26.8 | operative) 7 ° 31.1 —31.1 | 14,760 
: B our: Adjustment diet, 
dietary regimen was administered for 7 days. _so74cal. 8 | 167.0 | 133.4 | +336 


The standard surgical trauma consisted of 
a laparotomy incision one-third the length of 
the abdominal cavity, with exposure of the 
abdominal contents to air for 20 minutes to 
the extent that the incision could be spread 
by nonforceful retraction. 

Nitrogen determinations were made on 24 
hour urine collections by the Kjeldahl method 
as modified by Van Slyke (9). While the dogs 
were on maintenance and adjustment diets, 
the urine nitrogen was considered to consti- 
tute go per cent of the total nitrogen excre- 
tion and total nitrogen loss was calculated 
accordingly. 

RESULTS 

The results are presented in detail in 
Tables I, II, III, and IV, and summarized in 
condensed form in Table V. In Table I are 
presented our observations on dog I in its 
intact condition. It may be seen that the 
nitrogen loss was somewhat greater on the 
pure carbohydrate diet than on the carbohy- 
drate-amino acid diet. Another finding that 
immediately commands attention is the time 
required for restoration of nitrogen balance 
on an adjustment diet. It may be noted that 
after the carbohydrate-amino acid diet 7 days 
were required to attain this end, whereas after 
the diet composed of carbohydrate alone 


nitrogen balance was restored in only 4 days. 

After surgical trauma the general trend in 
this dog qualitatively resembled that in its 
intact state. There was, however, a consider- 
able quantitative difference. It may be seen 
in Table II that there was no significant differ- 
ence between the nitrogen deficit on pure 
carbohydrate and carbohydrate-amino acid 
diets. But still significant was the consider- 
ably longer period for restoration following 
the carbohydrate-amino acid diet. 

Dog II, as may be seen in Tables III and 
IV, showed substantially the same patterns. 
Again it may be noted that after surgical 
trauma there was no significant difference be- 
tween the nitrogen deficits after pure carbo- 
hydrate diet on one hand, and carbohydrate- 
amino acid diet on the other. It is again 
striking, as in dog I, that the adjustment diet 
restored nitrogen balance much faster after 
pure carbohydrate diet than after carbohy- 
drate-amino acid diet. It may be noted that 
the time required for nitrogen restoration in 
dog II following surgical trauma was greater 
when the dog was fed postoperatively on car- 
bohydrate-amino acid mixture than when 
starved. Identical responses were elicited on 
repeating these periods in this dog. 
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It may be noted that body weight loss in 
both the intact and postsurgical states did 
not parallel nitrogen loss in either dog. Body 
weight was consistently greatest following 
starvation and least following pure carbohy- 
drate feeding. 

DISCUSSION 

The studies reported were performed on 2 
dogs under carefully controlled conditions, 
special care being given to the nutritional 
factors and to accuracy of all quantitative 
measurements. It may be noted that it re- 
quired almost 2 years to complete a full ex- 
periment and to gather the material we have 
presented. A larger series of experiments, 
with statistical compilations, could be carried 
out only at the expense of the detailed, ex- 
tensive quantitative observations and would, 
therefore, be no substitute for well controlled 
experiments. 

Our experiments show that the loss of body 
nitrogen in the first postoperative week was 
not appreciably greater when the dogs were 
fed on carbohydrate alone than when fed on 
carbohydrate-amino acid mixture. These dif- 
ferences are represented by 1.4 grams and 
2.8 grams in the 2 dogs, quantities which are 
not significant. Striking, because unantici- 
pated in these studies, was the fact that the 
loss of nitrogen was restituted, and nitrogen 
balance was restored after pure carbohydrate 
feeding in a much shorter time than after a 
mixed carbohydrate-amino acid diet. We in- 
terpret this to indicate that carbohydrate has 
an advantageous physiologic effect on the 
metabolic mechanism. By virtue of this effect 
the organism was maintained in a physiologic 
state that enabled it to recuperate its losses 
with greater efficiency than it could muster 
when one-half of the calories of the subcaloric 
diet was given in the form of amino acids. 

In order to make our experiments compa- 
rable with usual clinical practice, we fed the 
animals on subcaloric diets in all phases of the 
experiments. The calorie supply was from 
33 to 40 per cent of the basal food require- 
ment, which corresponds to from 800 to 1,200 
calories in the case of a person in the post- 
operative state. 

Since the animals were able to eat following 
the operative procedure, we found it conven- 
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TABLE V.—SUMMARY OF RESULTS 



































Nonsurgical Surgical 
Lost during 7 _ || Lost during 7 
Dog Diet day period, | Resti-|| day period, | Resti- 
No. grams tu- grams tu- 
tion tion 
: time time 
Body |Nitro-| days || Body |Nitro-| days 
weight | gen weight | gen 
Starvation 850 | 18.4 31 800 | 19.0 28 
1 | Carbohydrate 230 | 12.9 6 460 | 14.6 7 
Carbohydrate- 
amino acid 740 7.1 7 680 | 11.8 15 
Carbohydrate 770 | 23.1 4 goo | 30.0 7 
2 | Carbohydrate- 
amino acid 1150 16.7 9 1130 28.6 12 
Starvation 1930 | 26.8 10 1700 | 31.1 8 




















“Restitution time” is the number of days required to restore nitrogen 
balance on Cowsgill’s adjustment diet. 


ient to feed them orally rather than parenter- 
ally. We felt this justifiable since there is no 
evidence indicating any difference in the utili- 
zation of either nitrogen or carbohydrate fol- 
lowing oral or parenteral alimentation unless 
gross abnormalities in the function of the 
alimentary tract should be present (3, 14). 
The central question posed in our experi- 
ments was whether or not substitution for 
part of the glucose by equicaloric amino acids 
would offer any appreciable advantage. As 
our results show, the loss of nitrogen was 
slightly less when amino acids were included, 
but the difference was inconsequential. This 
could be fairly anticipated, since in subcaloric 
feeding the amino acids serve primarily as a 
fuel rather than becoming available for the 
building of proteins (8). When used as fuel 
more than half of the amino acids is con- 
verted to carbohydrate, a function which re- 
quires extra energy (specific dynamic action) 
and thus imposes an extra burden on the or- 
ganism. The remaining portion of the amino 
acids is converted into ketone bodies which, 
in addition to being another energy-consum- 
ing process, enhances the possibility of keto- 
sis, a condition which should be meticulously 
avoided. These considerations indicate an 
advantage of pure carbohydrate feeding when 
subcaloric diets are employed. An additional 
advantage of pure carbohydrate feeding in a 
subcaloric diet is the fact brought out in our 
experiments that after the feeding of glucose 
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alone, restoration of nitrogen balance pro- 
ceeded considerably faster than after mixed 
feedings. These advantages, it seems obvious 
to us, should not be sacrificed for the slightly 
better nitrogen balance attained with mixed 
feedings, an advantage more apparent than real 
if all facets of the problem are considered. 

The furnishing of an adequate calorie sup- 
ply parenterally in the postoperative state is 
difficult and scarcely practicable. But even if 
it were feasible, it has not yet been definitely 
established whether or not nitrogen can be 
efficiently utilized in the posttraumatic state 
under any circumstances (1, 13). 


CONCLUSIONS 


1. Dogs on subcaloric diets in the post- 
traumatic (surgical) state lose but slightly 
less body nitrogen when fed on carbohydrate 
and amino acids in equal amounts than when 
fed on isocaloric amounts of carbohydrate 
alone. 

2. Whereas the difference in body nitrogen 
loss under the two conditions is small, restitu- 
tion of nitrogen balance occurs much faster 
following feeding of carbohydrate alone than 
after carbohydrate-amino acid feedings. This 
is true in both the intact and postsurgical 
conditions. 

3. Body weight loss is less, whether or not 
preceded by surgical trauma, with carbohy- 
drate feeding than with carbohydrate-amino 
acid feedings under conditions of these experi- 
ments. 

4. Carbohydrate, it appears, exerts a spe- 
cific favorable effect on the preservation of 
total metabolic functions of the body. 
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UNCOMMON UMBILICAL 


ANOMALIES IN CHILDREN 


PAUL F. FOX, M.D., F.A.C.S., Chicago, Illinois 


NCOMMON disorders of the um- 
bilicus are of interest to the surgeon 
because their repair is usually fol- 
lowed by satisfactory results. They 

are found principally in children and include 
anomalies of the omphalomesenteric duct, ab- 
normalities of the urachus, and omphalocele. 

Certain uncommon lesions of the umbilicus 
have been intentionally omitted. Endome- 
triosis, for example, occurs mainly in adults, is 
very rare, and has minimal clinical signifi- 
cance. Extrophy of the bladder occasionally 
involves the umbilicus but this involvement is 
of secondary importance. Vascular anomalies 
due chiefly to persistent omphalomesenteric 
vessels are infrequent and often produce no 
symptoms. Manning and McLaughlin have 
recently described a case and reviewed other 
published reports. Persistent urachal and um- 
bilical vessels present no clinical problems. 

The clinical data used to illustrate the vari- 
ous umbilical anomalies described were taken 
from the records of patients admitted to the 
Children’s Memorial Hospital between 1935 
and 1950. All patients admitted for these dis- 
orders, a total of 15, were included. The oper- 
ations were performed by members of the hos- 
pital’s surgical staff. 

Cullen and Trimingham and McDonald 
have published complete classifications of um- 
bilical anomalies. The portion of the classi- 
fication of Trimingham and McDonald appli- 
cable to the omphalomesenteric duct, he 
urachus, and omphalocele has been followed 
in describing these disorders. 

Although the detailed formation of the um- 
bilical structures is described in textbooks of 
embryology a diagram of the chief structures 
at the umbilicus is included (Fig. 1). 


ALIMENTARY ANOMALIES 


Completely patent omphalomesenteric duct 
(umbilical enteric fistula) (Fig. 2 A). This is 
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a rare anomaly. Only 46 cases were collected 
and reported by Cullen. Intestinal contents 
may exude from a small opening at the um- 
bilicus. This opening is usually located in a 
bright red umbilical nodule which is covered 
with intestinal epithelium. If the tract and 
opening are small, only mucus may drain from 
it. To establish the diagnosis the duct may be 
probed, radio-opaque media may be injected 
into it as a preliminary to roentgenography, 
or methylene blue may be given orally. The 
treatment is complete excision of the fistulous 
tract and inversion of the enteric end. 

A female infant, 8 months old, was admitted 
to the hospital with a history of drainage 
from the umbilicus since the age of g days. 
For 6 weeks before admission, blood in small 
amounts had been observed in the discharge. 
Bubbles in the discharge had been present 
during one short interval. Excoriation around 
the umbilicus was present. A small red nodule 
in the center of the umbilicus contained an 
opening through which radio-opaque oil was 
injected and found to enter the intestinal 
tract. Operation disclosed a completely pat- 
ent omphalomesenteric duct (Fig. 3). Re- 
moval resulted in a satisfactory recovery. 

Partially patent omphalomesenteric duct. 

1. Patency of the peripheral portion (um- 
bilical sinus) (Fig. 2 B). Two patients were 
operated upon for removal of umbilical si- 
nuses. Both had intermittent watery and 
bloody discharges from the umbilicus. A vis- 
ible red nodule was present in each patient. 
One child, to months of age, bled a small 
amount from the umbilicus each day. The 
excised remnant of the duct measured 2 by 
1.2 centimeters. Recovery after operation was 
complete. 

The other patient was 24 years of age and 
had been unsuccessfully treated at frequent 
intervals with applications of silver nitrate. 
At operation the patent peripheral portion of 
the duct was attached to the ileum by a fibrous 
cord. This cord representing the obliterated 
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Fig. t. Principal structures at the umbilicus. 


but persistent portion of the omphalomesen- 
teric duct was removed with the umbilicus. 
Uncomplicated recovery followed. 

2. Patency of the intermediate portion (vi 
telline cyst) (Fig. 2 C). Vitelline cysts were 
present in 4 patients. None of these cysts 
were located in the wall of the ileum. Two 
were just beneath the umbilical skin and 1 
was 2 centimeters from the skin surface. One 
was removed after an abscess had been pre 
viously incised and drained. Another showed 
intestinal and gastric mucosa on microscopic 
examination. All presented themselves as vis- 
ible and palpable umbilical masses. In 1 pa- 
tient, a clear, jelly-like fluid was discharged 
intermittently through the umbilicus. In an 
other, a Meckel’s diverticulum, entirely sepa- 
rate from the cyst, was found and removed. 
Good results were obtained by surgical ex 
cision in all 4 patients. 

3. Patency of the enteric portion (Meckel’s 
diverticulum) (Fig. 2 D). Persistence of a 
patent enteric portion of the omphalomesen- 
teric duct is not an umbilical anomaly and 
hence will not be considered here. It is planned 
to report the surgical experiences with Meck- 
el’s diverticula at this hospital in a future 
communication. Unfortunately, many  sur- 
geons and pathologists apply the term Meck- 
el’s diverticulum to all lesions of the omphalo- 
mesenteric duct. This applies to gross as well 
as microscopic descriptions. Confusion results 
and makes a proper classification of these dis- 
orders unusually difficult. It is to be empha- 
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Fig. 2, Anomalies of the omphalomesenteric duct. 


sized that the term Meckel’s should be applied 
only to an actual diverticulum resulting from 
the persistence of the enteric portion of the 
omphalomesenteric duct. 

Mucosal remnants at the umbilicus (umbilical 
polyps) (Fig. 2 E). These lesions are seen as 
bright red areas in the umbilical area. They 
secrete mucus and have no openings. If ex- 
cised, microscopic examination shows intesti- 
nal mucosa. They may be treated successfully 
by cautery and probably many “granulations” 
at the umbilicus are polyps. This is likely to 
be true when repeated cauterizations are nec- 
essary for their eradication. 

Although no children required hospitaliza- 
tion for this condition, umbilical polyps and 
granulations were seen in patients admitted 
to the hospital for other reasons. 
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A clinical sign to differentiate between a 
polyp (or any lesion at the umbilicus contain- 
ing intestinal mucosa) and granulation tissue 
has been used by Dr. W. J. Potts. If the finger 
is pressed against an area of granulation tissue 
a feeling of moisture is present but no secre- 
tion adheres to the finger. If pressure is made 
against an umbilical polyp and then the finger 
is slowly removed, mucus adheres and pro- 
duces a “sticky string’ for a moment. Ex- 
coriation of the surrounding skin may also 
be observed in association with an umbilical 
polyp. 

Congenital band (Fig. 2 F). A fibrous band 
from the ileum to the umbilicus may result 
from an obliterated omphalomesenteric duct 
which failed to disappear. It may also result 
from a thrombosis of the omphalomesenteric 
artery (8). Such an anomaly, at times, pro- 
duces an intestinal obstruction. Occasionally, 
the band may stretch from the tip of a Meck- 
el’s diverticulum to the umbilicus. 

One patient, a boy, 1114 years of age, had 
a protruding umbilicus with very redundant 
umbilical skin. Underneath the skin a cord 
was easily palpated. This cord was removed 
and found to be 6.5 centimeters in length and 
1.5 centimeters in thickness. It extended from 
the undersurface of the loose umbilical skin to 
the fascia of the abdominal wall. Microscopi- 
cally, the cord showed dense fibrous tissue 
with a periphery richly vascularized by small 
blood vessels. Although this anomaly was 
rather unusual it probably represented an 
obliterated omphalomesenteric duct. 


URACHAL ANOMALIES 


Completely patent urachus (umbilical urinary 
fistula) (Fig. 4 A). This is a rare abnormality 
and is characterized by a flow of urine from 
the umbilicus. If the canal is small in diam- 
eter and the urine can escape easily from the 
urethra only a little urine may come from the 
umbilicus. The flow of urine may also be in- 
termittent due to blockage at intervals of the 
urachal canal by infection. If infection does 
not occur pain and discomfort are absent (8). 

The treatment of a patent urachus is ex- 
cision and closure of the bladder opening. 
Any urethral obstruction should be relieved 
before excising the urachus. Usually during 
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Fig. 3. Photograph of completely patent omphalomes- 
enteric duct taken at operation. (Courtesy of Dr. W. J. 
Potts and W. F. Prior Co. Inc., Hagerstown, Md.) 


the operation the peritoneal cavity is opened. 
It is very difficult to dissect the urachus 
out of its usual location without entering the 
peritoneal cavity. Injection of methylene blue 
may aid in the operative procedure. The blad- 
der end is inverted with a purse-string suture. 

One patient, 3 years of age, had an excretion 
at the umbilicus since birth. There was crust- 
ing and excoriation in the periumbilical skin 
from the discharge which was quite obviously 
urine. A small nodule with a demonstrable 
opening was present at the umbilicus. A probe 
introduced into the opening passed into the 
bladder. Prompt recovery followed excision. 

Partially patent urachus. 

1. Patency of the peripheral portion (um- 
bilical urachal sinus) (Fig. 4 D). This anom- 
aly is characterized by a discharge of mucus 
through a small visible opening at the um- 
bilicus. Many of these sinuses become sec- 
ondarily infected making their removal diffi- 
cult. Excision cures the condition and it is 
advisable to remove the entire urachus from 
the bladder to the umbilicus. 
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Two patients with umbilical urachal sinuses 
were encountered. The symptoms were wa- 
tery discharge and a red protuberance at the 
umbilicus. One patient had a secondary in- 
fection with purulent drainage when first seen 
and operative excision was delayed until the’ 
infection subsided. A demonstrable opening 
was probed in both patients and the probe 
passed directly toward the bladder. Excision 
of the entire urachus in both patients was done 
and both completely recovered. At operation, 
the extent of the patent portion can be deter- 
mined by observing the point at which the 
probe meets an obstruction. In 1 case it was 
within 2 centimeters of the fundus of the 
bladder. 

2. Patency of the intermediate portion (ura- 
chal cyst) (Fig. 4 B). Urachal cysts vary in 
size and often become infected. The lining of 
the cyst wall may be variable in microscopic 
structure due to changes wrought by infection 
or distention. Rupture of the cyst may occur 
at the umbilicus. Removal of these cysts is 
necessary, but if infection is present it is best 


to open the cyst and pack it followed by gradu- 
al removal of the pack. Attempts at excision 
while infected are likely to produce peritonitis, 

Although urachal cysts are not rare, only 1 
patient with this anomaly was observed. This 
child was 8 years old and on admission com- 
plained of swelling and tenderness about the 
umbilicus for a period of 2 weeks. A discharge 
of yellowish, foul-smelling fluid from a reddish 
nodule at the umbilicus was also noted. A 
probe was passed through an opening in the 
nodule for a distance of 5 centimeters toward 
the bladder. Operation revealed a cyst of the 
intermediate portion of the urachus. Excision 
of the cyst was followed by uncomplicated 
recovery. 

3. Patency of the vesical portion of the 
urachus (Fig. 4 C). This anomaly can be dis- 
covered only by use of the cystoscope. It 
may be necessary to excise this portion of the 
urachus if it becomes cystic or infected. Usu- 
ally these remnants do not become involved 
in pathologic changes, cause no symptoms, 
and require no treatment. No patients were 
found who possessed this abnormality. 


OMPHALOCELE 


This abnormality in development is also 
known as exomphalos, eventration at the 
umbilicus, and amniotic hernia. 

A very important period in development 
occurs between the sixth and twelfth week of 
fetal life. During this period wie celomic 
cavity, which contains abdominal viscera, 
pushes forward into the proximal portion of 
the umbilical cord. This is probably due to 
the fact that the abdominal viscera develop at 
a faster rate than the abdominal cavity. The 
abdomen grows at an accelerated rate after 
the tenth week and the organs are then with- 
drawn into the abdominal cavity. If there is 
a disproportion in size between the organs and 
the abdomen which continues after the twelfth 
week, the abdominal viscera may remain out 
in the cord producing an omphalocele of vary- 
ing size (5). Therefore, the umbilical cord must 
be carefully ligated especially in the presence 
of an omphalocele lest some important struc- 
ture is included in the ligature. 

Although an omphalocele is an uncommon 
defect, a number of cases have been reported 
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and methods of surgical management de- 
scribed (3, 4, 7, 9): 

Ladd and Gross (5) summarized the data 
derived from a study of 22 cases. The mortal- 
ity rate was 50 per cent. When the defect was 
greater than 8 centimeters in diameter and 
the sac contained liver, the possibility of re- 
covery was poor. Any delay in operation was 
considered serious because of the probability 
of infection in the operative wound. Attention 
was also directed to the transparent mem- 
branous sac of the omphalocele which after the 
first day of life may become dry and fragile. 
Rupture followed by evisceration and usually 
fatal peritonitis then follows. 

In repairing a large omphalocele it may be 
possible to bring only skin and no other layer 
of the abdominal wall across the defect. Later 
surgical approximation of the other layers of 
the abdominal wall will then be necessary. 
However, the initial closure of the opening of 
the omphalocele with skin alone may be a 
life-saving measure. 

Three patients were operated upon for re- 
pair of omphaloceles. The first was a 2 day 
old, male infant with a defect 10 centimeters 
in diameter with liver and small intestine in 
the sac. The skin was closed over the defect 
after the sac was cut away and repair of the 
fascia partially completed. Eight days later 
the wound separated widely and the skin was 
again sutured. In another 8 days the wound 
again separated in the midportion for a dis- 
tance of about 6 centimeters and the skin was 
sutured for the third time. After a rather 
difficult convalescence, this child is now gain- 
ing weight, seems well, but has 2 incisional 
hernias which will require surgical repair. 

The second patient was a 2 day old, female 
infant with a defect 8 centimeters in diameter. 
The sac also contained liver and small intes- 
tine. Congenital absence of the right eye was 
an associated defect. Operative repair of peri- 
toneum, fascia, and skin was performed to 
close the defect. Thirty hours after the opera- 
tion death occurred. Autopsy disclosed sub- 
cutaneous and pulmonary edema and right 
heart dilatation. These effects were thought 
to be due to an excess of parenteral fluids al- 
though fluids in amounts proportionate to the 
infant’s body weight had been given. 


The third patient was admitted when 10 
hours old. She had a large omphalocele, 11 
centimeters in diameter, and was taken to the 
operating room soon after admission. Almost 
the entire liver was in the sac and was at- 
tached to the sac wall. Small intestine was 
also present in the sac. During the operation, 
a diaphragmatic hernia through the left leaf 
of the diaphragm was discovered. This open- 
ing was 5 by 8 centimeters in size. The left 
lung was collapsed and the stomach and spleen 
were in the left pleural cavity. After the 
stomach and spleen were brought into the 
abdomen, the hernial opening in the dia- 
phragm was closed. It was impossible to 
close the abdominal wall with any other layer 
but skin which had to be extensively under- 
mined. Traction with adhesive tape and 
rubber bands was used postoperatively to aid 
in keeping the skin edges approximated. Four 
days later an attempt was made to bring the 
muscle and fascia in the upper part of the 
wound across the defect. During the opera- 
tion, the child’s condition became precarious 
and the operation was discontinued. Eight 
weeks later an attempt was again made to 
create a stronger abdominal wall. At this 
time, the rectus muscles were found far later- 
ally with the intestines and most of the liver 
anterior to them. A partial repair was carried 
out with great difficulty and, at present, the 
patient, now 3 years of age, has a large ven- 
tral hernia but gets along fairly well with a 
corset. The problem presented by this patient 
is indeed a difficult one, as the tissues neces- 
sary to fashion a firm abdominal wall are non- 
existent. Much of the intestinal tract is now 
adherent to the undersurface of the abdominal 
skin. 

A fourth patient, attended by me in an- 
other hospital, was born with an omphalocele 
which had ruptured before birth. An associ- 
ated defect was an area of atresia in the 
jejunum. Repair of the omphalocele and an 
anastomosis of the jejunum around the atre- 
sia were done. Normal development and 
growth followed (2). 


SUMMARY 


Fifteen patients were operated upon for 
lesions of the omphalomesenteric duct, ura- 
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chus, and omphalocele. All of the patients 
with disorders of the omphalomesenteric duct 
and urachus recovered fully and good results 
were attained. In the 3 patients with ompha- 
locele there was 1 death and 2 results were 
only partially satisfactory. 

Umbilical anomalies should be treated sur- 
gically. Infants withstand surgical interven- 
tion, when n2cessary, as well as older children. 
The results of surgical procedures aimed at 
correcting umbilical anomalies are satisfactory 
and successful in most instances. 
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THE USE OF TANTALUM MESH IN 
INGUINAL HERNIA REPAIR 


AMOS R. KOONTZ, M.D., F.A.C.S., Baltimore, Maryland 


T is somewhat disconcerting, and indeed 
almost humiliating, for a competent sur- 
geon not to be able to assure a patient 
that he can be definitely cured surgically 

of such a supposedly simple condition as a 
small inguinal hernia. Yet a glance at the re- 
currence rates, as reported in contemporary 
literature, is enough to assure even the most 
naive surgeon, with the utmost in self-confi- 
dence, that he cannot promise his patient 
that he will certainly cure him. This is enough 
to give pause, not only to the patient, but to 
the surgeon as well. 

Some of the causes of recurrence following 
the operation for inguinal hernia have been 
discussed elsewhere (12, 13). All surgeons 
have observed recurrences among their pa- 
tients, yet the recurrence rate is much higher 
in the practice of some surgeons than in that 
of others. This is true of the various members 
of the same staff in some of our outstanding 
surgical clinics (17). The figures seem to indi- 
cate that the higher recurrence rates of some 
of the staff members are unjustified. If this is 
true of leading surgeons working in the best 
places, then what are we to expect from the 
lesser lights? Many surgeons think that the 
operation for hernia is a simple one, and pro- 
ceed with it with the utmost confidence and 
often without a thorough study of the anatomy 
of the region or a thorough knowledge of the 
surgical principles involved. The result is that 
there are an enormous number of recurrent 
hernias, in a great many of which the original 
operation was performed by surgeons not 
thoroughly grounded in the fundamentals of 
anatomy and surgery. Too frequently the 
same surgeons make several trials without 
success. 

It is well known that one of the principal 
causes of recurrence is poor tissues. Excellent 
surgeons with long experience, who have 
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followed all the rules in their operations, often 
feel foredoomed to recurrence while still at 
the operating table because of the poor tissues 
of the patient being operated upon. These 
poor tissues are most apt to be found in the 
following types of cases: (1) recurrent hernias, 
(2) large direct hernias, (3) large indirect 
scrotal hernias of long standing. Often there 
is no transversalis fascia to be found any place. 
In the case of direct hernias, there would have 
been no hernia to start with if the patient had 
had good transversalis fascia. What is the 
competent surgeon to do then when he finds 
himself faced with this condition? A relaxa- 
tion incision in the sheath of the rectus muscle 
(4) aids greatly in relaxing the field of opera- 
tion and in allowing the poor structures to be 
brought into apposition without tension. Even 
then, the surgeon often feels that the structures 
are not strong enough to effect a cure. Various 
methods have been used to reinforce the weak 
spot, such as flaps of fascia (4), free trans- 
plants of fascia, preserved sheets of fascia (7), 
and autogenous (2, 3) and preserved (5, 6) 
strips of fascia. All these methods have been 
used with varying degrees of success. There 
are certain objections to all of them. The re- 
flection of a flap of the sheath of the rectus 
leaves a weak spot at the lateral edge of that 
muscle. This was pointed out by Halsted 
himself, even though he originated the pro- 
cedure. The transplantation of fascia, either 
autogenous or preserved, is accompanied by 
a much higher rate of infection than is other- 
wise encountered in hernia repair (1), and, of 
course, infection predisposes to recurrence. 
Furthermore, all who have worked with fascia 
extensively are aware of the variability with 
which grafts “take.” Sometimes instead of 
remaining in situ, the grafts are absorbed 
(15). 

For these reasons for the past 2 years in 
those cases in which poor tissues and large de- 
fects are present, I have been reinforcing the 
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Fig. 1. All the structures have been thoroughly cleaned 
of areolar and adipose tissue, including Cooper’s ligament. 
A relaxation incision has been made in the sheath of the 
rectus. The conjoined tendon has been sutured to Cooper’s 
ligament, and the internal ring has been snugly closed (in 
practice it is more snugly closed than shown in the draw- 
ing). The Hesselbach’s triangle area is now ready for the 
implantation of the strengthening sheet of tantalum mesh. 


first suture line in the Hesselbach’s triangle 
area with a piece of tantalum mesh. The 
method is illustrated in Figures 1 and 2. A 
somewhat similar method (with a different 
type of herniorrhaphy) was described in 1948 
by Throckmorton. McVay and Anson have 
shown that the conjoined tendon is in the 
same fascial plane as Cooper’s ligament and 
that therefore it is more correct to suture the 
conjoined tendon to Cooper’s ligament than 
to transplant it into a superior fascial plane 
by suturing it to Poupart’s ligament. For this 
reason, I have, for the last 4 years, been using 
the Cooper’s ligament type of repair almost 
exclusively in the treatment of recurrent 
hernia. 

After the structures have all been freed, 
the cord retracted, all important structures 
thoroughly cleaned of areolar tissue, and a 
relaxation incision made in the sheath of 
the rectus, the conjoined tendon is sutured to 
Cooper’s ligament with 4 to 6 sutures of heavy 
black silk, interrupted. The number of sutures 
is usually 5 but depends upon the length of 
Cooper’s ligament. This brings the suture line 
to a point just mesial to the iliac vessels. The 
internal ring is then snugly closed by suturing 
the internal oblique muscle to Poupart’s liga- 





Fig. 2. This drawing shows the piece of tantalum mesh 
placed in the Hesselbach’s triangle area and sutured to 
Poupart’s ligament below. In the early cases the lower 
edge of the mesh was not turned over on itself and it is so 
shown in the drawing. It is now my practice to turn the 
lower edge over on itself before suturing it to Poupart’s 
ligament. This prevents any possible damage to the 
ligament from sharp edges of the mesh. A deep suture has 
been placed in the depression over the conjoined tendon- 
Cooper’s ligament suture line. Sutures are placed else- 
where around the edge of the mesh at any point where the 
edge tends to curl up. However, when the retractors are 
removed and the aponeurosis of the external oblique is 
— over the mesh, it tends to hold the latter firmly in 
place. 


ment both above and below the cord. A piece 
of tantalum mesh large enough to cover the 
Hesselbach’s triangle area is then laid in place. 
The lower edge of the mesh is turned over on 
itself and sutured to Poupart’s ligament. The 
mesh is then depressed into the depression 
over the suture line of the conjoined tendon 
to Cooper’s ligament. A suture is placed deep 
in this depression suturing the mesh to the 
first suture line. A few sutures are placed in 
the other edges of the mesh which have not 
been turned over on themselves. Very few 
sutures are required to hold the mesh in place. 
Sometimes the mesh extends above the cord, 
and in this case a small slit is made in the mesh 
at the cord and the edges turned under so that 
it surrounds the cord without sharp edges to 
injure it. When it does extend above the cord, 
it is sutured to Poupart’s ligament with one 
suture in that region. In placing the mesh 
in this area silk sutures are used, instead of 
wire, as it has been shown experimentally that 
where there is no tension silk sutures hold the 
mesh just as well as wire sutures (14). Gel- 
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foam is then placed in the depression over the 
mesh, on the theory that the interstices of 
the gelfoam will become filled with serum and 
fibrin, which in turn will be converted into 
fibrous tissue. The aponeurosis of the external 
oblique is then closed, without overlapping, 
by means of interrupted sutures of medium 
black silk, and the cord is dropped on the 
aponeurosis. 

The aponeurosis of the external oblique is 
not overlapped because it can hardly ever be 
overlapped in these cases without some ten- 
sion, and it is universally believed that tension 
is undesirable in hernia repair. Furthermore, 
the first line of sutures is the main one in the 
repair. 

If the hernia comes through the first 
line of sutures, there are certainly very few 
cases in which the aponeurosis of the external 
oblique will prevent such a hernia coming 
all the way through. 


RESULTS 


It is too early yet to evaluate the method. 
Seventy-seven patients have been operated 
upon, the first one 25 months ago, and the 
most recent one only a few days ago. How- 
ever, judging from the way fibrous tissue in- 
filtrates and surrounds tantalum mesh ex- 
perimentally (8, 9, 10, 11, 14), there is every 
reason to believe that the use of this material 
will add materially to the strength of the first 
suture line and give better ultimate results 
than methods hitherto used. (I have not yet 
had enough experience with the use of cutis 
grafts to give a proper evaluation of that 
method. ) 

There has been one recurrence in this small 
series. The recurrence occurred on the left 
side of a bilateral recurrent hernia (operated 
upon elsewhere once before on the right side 
and twice previously on the left) in which I 
operated upon both sides at once. The first 
(right) and larger side had very good struc- 
tures. In the second (left) side I unexpectedly 
encountered very poor tissues with a much 
larger defect than I had suspected on physical 
examination. (Had this condition been en- 
visaged preoperatively only one side would 
have been operated upon at a time.) This 
necessitated a great deal more tension than 


was desirable in spite of the fact that relaxa- 
tion incisions had been made in the sheath of 
the rectus on each side. A small piece of 
tantalum mesh was used to reinforce the poor 
structures, but I now know that the piece 
used was not nearly large enough. The hernia 
recurred on the left side in 3 months and I 
again repaired it a month later, this time using 
a larger and more adequate piece of tantalum 
mesh. So far (only 4 months after this last 
repair) the site is very strong and I have every 
reason to believe that this time it will re- 
main so. 

The patients in which this method has been 
used almost invariably state that the site feels 
very strong and that they have a great sense 
of security. The site certainly feels strong 
on examination and there is as a rule no 
“give” felt at all when the patient coughs. 


SUMMARY 


A method of reinforcing the Hesselbach’s 
triangle area in the repair of those inguinal 
hernias which have large defects and poor 
tissues is described. 

Seventy-seven patients have been operated 
upon by this method over a period of 25 
months. So far there has been only 1 re- 
currence. 
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INFLUENCE OF TRIAZOLOPYRIMIDINE ON FIBROPLASIA 
AND EPITHELIZATION 





BERNARD COOPERMAN, and EDWARD LEE HOWES, M.D., F.A C.S., 
New York, New York 


TRIAZOLOPYRIMIDINE (5-amino- 
7-hydroxy-1H-v-triazolo (d) _ py- 
rimidine)' has been shown to affect 
the rate of growth of some cells. 

Roblin, Lampen, English, Cole and Vaughan 
found it to be the most potent purine inhibitor 
of the growth of Escherichia coli and Staphylo- 
coccus aureus. Kidder demonstrated that it 
inhibited the growth of the animal micro- 
organism— Tetrahymena geleii and later aden- 
ocarcinoma Eo771 in Cs; mice, and spontane- 
ous mammary cancer in C;H mice. Sugiura, 
Hitchings, Cavalieri, and Stock confirmed 
Kidder’s results on adenocarcinoma E0771, 
but they found, to the contrary, only slight 
effect on spontaneous mammary carcinoma in 
C;H mice. That the growth of certain cells 
was not affected by the compound was 
strengthened by their additional findings that 
in mice the growth of sarcoma 180, sarcoma 
T241, Harding-Passey melanoma, Wagner 
osteogenic sarcoma, and Patterson lympho- 
sarcoma was unchanged. Specie difference 
was suggested by their data for in rats the 
growth of the Flexner-Jobling carcinoma, sar- 
coma 39 and the Walker carcinosarcoma 256 
was not affected. Again variation in cell and 
animal susceptibility was demonstrated by 
Gellhorn, Engleman, Shapiro, Graff, and 
Gillespie. They inhibited the growth of 
tumors Ko771, 755, and RC tumors growing 
in (dba) mice and the Brown-Pearce tumor 
growing in the anterior chamber of the rabbit’s 
eye, but they found sarcoma 180 in Paris Riii, 
lymphosarcoma 6C3HED and leucemia (9417) 
in mice were not affected. Lastly, Law re- 
ported increased survival time in two acute 
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lymphatic leucemias of mice, leucemia L1210 
(strain dba) and lymphoma 2 (strain A), but 
no effect on a mouse bearing lymphosarcoma 


or lymphoma 1 (strain A). 


Thus, in the investigations reported to date, 


not all malignant tumors have been affected 
by triazolopyrimidine. 
from 1 to 200 milligrams per kilogram per day, 


Doses given ranged 


but still resistance was more attributable to 


cell type; transplantable carcinomas being 
more susceptible than sarcomas. Also, if the 
cells were susceptible, treatment initiated 
early after the transplantation of tumor was 
more effective than treatment initiated late. 


In all the experiments there was agreement 
that regression or destruction of the tumor did 
not occur even when growth was inhibited. 
Lastly, the reports of investigations that 
have been done have shown much more knowl- 


edge on the effect of triazolopyrimidine on the 
growth of neoplastic cells than on the growth 
of normal cells or on the animal in general, 
although in two of them, the hypothesis is 


proposed that the triazolopyrimidine ‘dis- 
tinguished a biochemical difference between 
normal tissues and certain carcinomas” (3, 5). 
Accordingly, the purpose of this investigation 


is to determine the effect of this compound on 


the rates of proliferation of the various non- 
malignant cells; namely, fibroblasts, and epi- 


thelial cells and on the animal in general. 


METHOD 
For the test object, wounds with loss of 


substance with a central island of epithelium 


preserved were made on the ears of rabbits by 
the method described by Howes. Triazolo- 
pyrimidine was dissolved, as its sodium salt, 
according to the method described by Gell- 
horn and associates. Two rabbits received 30 
milligrams once a day intraperitoneally, 2 
received 20 milligrams, 4 received 15 milli- 














Fig. 1. Wound after operation, The cross wires are 
attached to the camera for the purpose of measuring. The 
middle square is 1 cm, In it can be seen the center island, 
The nerve and main vessels of the ear cross transversely 
below the island. In the rest of the field can be seen the 


small blood vessels and connective tissue surmounting 
cartilage; on the right and left, the skin margins. 


grams, and 1 received 7.5 milligrams. Since 
the triazolopyrimidine solution had a pu of 
9 to 10 two rabbits serving as controls received 
comparable amounts of one thousandth nor- 
mal sodium hydroxide (pu 9.5). Administra- 
tion of the compound was begun 2 days before 
the wounds were made. The wounds were 
dressed with procaine penicillin in amerchol 
H-g at operation and then daily after the 
fourth day. The animals were kept in a con- 
stant temperature room after operation and 
fed purina rabbit pellets and water ad libitum. 
They were weighed daily. 

Growth of the granulations and of the island 
was followed by color photographs taken at 
operation and at each dressing. The increas- 
ing size of the island was measured by tracing 
these photographs, enlarged to ten times, on 
bond paper. The tracing was cut out, weighed, 
and area calculated by a modification of the 


technique originally described by Douglas.’ 


Linear growth of epithelium was then derived 
mathematically and plotted as a function of 
time. Since the rates were found to be essen- 
tially the same for both ears of any particular 
rabbit, they were averaged to express the re- 
sult for the animal. 

At the end of the experiments the animals 
were killed and sections were taken from the 
wounds, lungs, liver, adrenals, and intestines 
for microscopic study. The animals were 
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weighed at the beginning and end of the ex. 
periment and their food and water intake was 
recorded. 


RESULTS 


Granulations appeared on the fourth day 
and continued to grow in all wounds except 
in those animals receiving 30 milligrams per 
kilogram per day of triazolopyrimidine. In 
these the appearance of the granulations was 
delayed until the fifth to the sixth day. There- 
after, they continued to grow until the ter- 
mination of the experiment. 

Linear growth of the epithelium at all doses 
is shown in Figure 1 while in Figures 2 and 3 
the changes in the weights of the animals are 
compared with the rates of epithelization. 

The rabbits receiving 30 milligrams per day 
showed no epithelial proliferation up until the 
time of their deaths on the sixth and eighth 
days after operation. These animals suffered 
rapid weight loss and, in addition, they hada 
severe mucous diarrhea toward the end of 
their course. In the rabbits receiving 20 
milligrams per day epithelization was arrested 
for 15 and 18 days, respectively. A shiny, 
new, narrow, transparent rim appeared, 0.25 
to 1 millimeter wide, at the margins of the 
wound and around the center island after the 
fourth day of healing, but beyond this change 
the process did not extend. These animals 
also showed seme weight loss and had diarrhea 
toward the end of the experiment. Their food 
and water consumption diminished with their 
weight loss. Of the animals receiving 15 
milligrams per day, 3 had a rate of epitheliza- 
tion approximately half that of the controls 
while the fourth one (No. 85) showed no pro- 
liferation of the epithelium for ro days. These 
animals showed only moderate weight loss and 
had no diarrhea with the exception of No. 85 
that lost weight after 14 days of treatment 
and had diarrhea for 4 days before the ter- 
mination of the experiment. The wounds in 
the animals receiving 7.5 milligrams per day 
had a normal rate of epithelization and no 
morbidity. Epithelization advanced steadily 
in the controls at a rate corresponding to that 
originally reported by Howes. 

The microscopic sections of the ear wounds 
confirmed the gross findings. Even when 
epithelization was arrested, the skin edges 
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Fig. 2. Control right ear wound, 1o days of healing. Base 
of the wound covered with good granulations except upper 
left angle measuring square where a small amount of car- 
tilage is exposed. Note that epithelium has extended out 
from the center island to form a circle of new skin that fills 
the measuring square except in the lower left corner and 
that likewise new epithelium has extended outward from 
the pigmented surrounding skin for a distance of 3 to 4 
tenths of a centimeter. 


flattened and a small number of cells extended 
outward over the granulation tissues for a 
short distance (0.25 to 1 mm.). This change 
apparently resulted from ameboid motion of 
these cells. Except for this thin layer of cells, 
however, neither the edge nor the center island 
showed any other evidence of proliferative 
activity. Moreover, the epithelium regenerat- 
ing slowly under the influence of 15 milligrams 
per kilogram per day of triazolopyrimidine 
appeared microscopically to be composed of a 
thin strip of regenerated new epithelium with 
the single layer of cells advancing beyond by 
ameboid motion. Neither its morphology nor 
the arrangement of the cells distinguished this 
slower growing process from that regenerating 
at the usual rate in the control animals. 

Granulations appeared normal in most ani- 
mals although perhaps they were thinner in 
those that lost the most weight. 

Autopsy of the experimental animals showed 
that the colon was distended with gas and 
fluid when the rabbits had diarrhea. Their 
stomachs seemed to be filled with an excep- 
tional amount of very dry food. Two animals 
with diarrhea also showed areas of hemor- 
thagic pneumonitis and tracheobronchial mu- 
cous exudate. The liver, spleen, kidney, and 
adrenals appeared normal grossly while mi- 
croscopically these organs failed to reveal any 


Fig. 3. Ear wound after 10 days of healing. Rabbit 
received 20 milligrams per kilogram of triazolopyrimidine. 
Excellent granulations in the base of the wound that are 
white in certain areas but free of pus. No regeneration of 
= either from the center island or the edges where 
the flattening of the rim caused by ameboid motion can be 
observed, particularly at the top of the picture. 


abnormalities cther than shrinking and vacu- 
olization of liver cells that could be compatible 
with their loss of weight and starvation. Many 
sections of all parts of the gastrointestinal 
tract of the animals with diarrhea were ex- 
amined, but no lesions were found. Micro- 
scopic tests of the stools for coccidiosis showed 
that only rarely this disease accounted for the 
diarrhea. Blood glucose, proteins, and vita- 
min C tests were made in 3 animals receiving 
different doses. No significant abnormalities 
were found. 


DISCUSSION 


The experiments show that parenteral ad- 
ministration of triazolopyrimidine, in certain 
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Chart 1. Effect of triazolopyrimidine on epithelial re- 
generation in the rabbit. 
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Chart 2. Weight loss and rate of epithelial regeneration 
after 15 milligrams of triazolopyrimidine per kilogram per 
day. 


doses, inhibits epithelization in the rabbit, but 
has no marked influence on the formation of 
granulations even in higher doses. The capac- 
ity of this compound to inhibit epithelia] 
proliferation selectively while not interfering 
perceptibly with fibroplasia is an important 
biological observation. The mechanism of its 
action is of greatest interest; whether it in- 
hibits epithelial growth at a general or specific 
toxicity level. 

The question whether a general toxicity can 
inhibit epithelization cannot be decided from 
the literature. There have been only a few 
previous studies on the influence on the heal- 
ing of wounds, of parenterally administered, 
cytotoxic substances. Lushbaugh, Green, and 
Storer studied microscopically the effect of 
urethane on the healing of sutured wounds in 
the rat and found that doses killing 60 per cent 
of them within 3 days caused marked inhibi- 
tion of fibroplasia and capillary proliferation. 
Friedenwald, Buschke, and Scholz found that 
doses of nitrogen mustard given intravenously 
and of strength that would be lethal to 50 per 
cent of the animals prevented cells of the in- 
jured rat corneal epithelium from going into 
mitosis, but they found no interference with 
the migration of the cells across the defects. 
Local application of a 0.015 per cent solution 
gave the same effect. No studies have been 
found on the effect of cytotoxic substances on 
the regenerating skin. Most factors that we 
have found to retard wound healing in our 
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Chart 3. Weight loss and rate of epithelial regeneration 
“ 20 milligrams per kilogram per day of triazolopyri- 
midine. 


previous works have inhibited both fibroplasia 
and epithelization equally. 

At 20 milligrams per kilogram per day of 
triazolopyrimidine the rabbits lost weight and 
had diarrhea, suggesting either a severe met- 
abolic change or a change in gastrointestinal 
tract that affected the animals’ nutrition, in 
addition to retarding the growth of the regen- 
erating epithelium. Food consumption fell off 
rapidly, and apparently accounted for the 
deaths more than diarrhea. The latter seemed 
to be a terminal phenomenon that could not be 
accounted for by coccidiosis. The chemical 
examinations that were done did not indicate 
the character of the disturbance. The diminu- 
tion in consumption of food would account for 
weight loss, but then loss of appetite was not 
explained by the microscopic findings. At 15 
milligrams per kilogram per day there was less 
evidence of weight loss, yet epithelization was 
partially retarded. Two of the rabbits re- 
ceiving 15 milligrams maintained their weight 
for as much as 2 weeks, yet retardation of the 
growth of epithelium appeared by the fourth 
day. Two in the group did not lose weight. 
At this dosage, therefore, triazolopyrimidine 
appears to have a specific toxicity for growing 
skin epithelium in the rabbit. 

Finally, controlled weight loss experiments 
did not suggest that the effect of triazolopy- 
rimidine on epithelization is secondary to the 
weight loss, but that the latter is a con- 
comitant phenomenon. Thus, simple acute 





QW. @® 


~~ — —— -_ eo me of 


aww . 3 -. 


~~ on ysi— 





re- 








starvation, begun 2 days before operation with 
weight losses comparable to those of the 
treated rabbits, yielded wounds with poor 
granulations but with epithelization that ap- 
peared to progress at about the usual rate. To 
the contrary, it will be recalled that the 
growth of granulations that should be affected 
by weight loss appeared normal under the 
influence of triazolopyrimidine and its con- 
comitant weight loss. 

Triazolopyrimidine in proper doses inter- 
fered apparently only with regenerating 
epithelial cells for the uninjured skin was un- 
affected. Regenerating epithelial cells of the 
skin are, if anything, more sensitive to tri- 
azolopyrimidine than are neoplastic cells. 
Smaller doses were employed in these experi- 
ments and the cancerostatic doses employed 
by Gellhorn and associates were toxic to our 
wounded rabbits when continued for a longer 
period of time. 


SUMMARY 


1. In the rabbit triazolopyrimidine retards 
epithelization but not fibroplasia occurring 
during wound healing. 

2. Small doses of triazolopyrimidine, 7.5 
milligrams per kilogram per day, did not affect 
the rate of epithelization while large doses, 30 
milligrams per kilogram per day, arrested 
epithelization but killed the animal. 

3. Doses of 20 milligrams per kilogram per 
day markedly arrested epithelization for 15 
to 18 days, but the animals lost weight and 
had severe diarrhea at the end of the experi- 
ment. 

4. Doses of 15 milligrams per kilogram per 
day retarded by half the rate of epithelization. 
Two of these animals remained well while 2 
lost weight at the end of the experiment. 

5. The retardation of regenerating epithe- 
lium is apparently specific at the proper doses 
while weight loss, diarrhea, and death are 
concomitant phenomena of higher doses long 
continued. 
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6. Retardation of the growth of regenerat- 
ing epithelium precedes weight loss, and 
weight loss alone affects only the formation of 
granulations, whereas triazolopyrimidine af- 
fects epithelization and not the formation of 
granulations. 

7. The general pathological changes found 
under the influence of triazolopyrimidine are 
described. 

8. Regeneration of nonmalignant epithelial] 
cells is apparently more sensitive to tria- 
zolopyrimidine than proliferating neoplastic 
epithelial cells. 

g. The importance of the selective action of 
triazolopyrimidine for regenerating epithelium 
only is pointed out. 
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PHYSIOLOGIC RATIONALE FOR THE SURGICAL 
TREATMENT OF PEPTIC ULCER 


I. F. STEIN, JR., M.S., M.D., M. I. GROSSMAN, Ph.D., M.D., KARL A. MEYER, M.D., F.A.CS,, 
and A. C. IVY, Ph.D., M.D., Chicago, Illinois 


HE results of recent studies have led 
to some modifications of the physi- 
ologic concepts of the mechanisms of 
gastric secretion. It is our purpose to 
re-evaluate the principles of surgical treatment 
of ulcer in the light of these newer concepts. 

A multiplicity of terms is used in describing 
the mechanisms of gastric secretion. Babkin 
divides the mechanisms of gastric secretion 
into two phases, the nervous or cephalic and 
the chemical. The chemical phase is sub- 
divided into the pyloric and intestinal phases. 

Dragstedt;(18), on the other hand, refers to 
the cephalic phase of gastric secretion as the 
vagal component and the gastric phase as the 
antral component. 

Ivy (9) in 1925 proposed that the secretory 
mechanisms of the stomach should be divided 
into two periods, the interdigestive and the 
digestive, and that the latter should be divided 
into three phases, the cephalic, the gastric, 
and the intestinal. Gastric secretion during 
the interdigestive period takes place in the 
absence of food stimuli. Secretion during the 
digestive period is in response to food stimuli. 
The cephalic phase of the digestive period is 
the secretory response of the stomach to the 
sight, smell, thought, or taste of food. The 
gastric phase is the response to mechanical or 
chemical] stimuli acting in the stomach. These 
stimuli may act directly on the fundus, or on 
the antrum by means of the liberation of gas- 
trin. The intestinal phase is the response of 
the stomach to stimuli arising from the pres- 
ence of food in the intestine. In addition, 
emotional factors may stimulate or depress 
gastric activity at any time, and are classified 
as emotiogenic. 


From The Hektoen Institute for Medical Research of the Cook 
County Hospital, Department of Surgery, Northwestern Univer- 
sity Medical School, and Department of Clinical Science Univer- 
sity of Illinois College of Medicine. Dr. Stein is a Solomon Fellow. 


In the following discussion we will utilize 
the terminology of Ivy, which may be outlined 
as follows: 

I. Intergestive period 
II. Digestive period 
A. Cephalic phase 
B. Gastric phase 
1. Direct 
2. Antral (gastrin) 
C. Intestinal 
III. Emotiogenic 

There are several theoretical factors by 
means of which the gastric acidity may be 
lowered. The first is by neutralization. This 
is one of the main mechanisms through which 
medical management is effective. Regurgita- 
tion of duodenal contents into the stomach 
will produce some degree of neutralization, 
however, simultaneously it may produce an 
increase in gastric secretion which more than 
offsets the neutralization (11). The second 
factor is the removal of acid secreting cells. 
The third factor is the removal of humoral or 
nervous stimuli which promote acid secretion. 

To approach the problem from a surgical 
aspect, what fundamental physiologic changes 
are produced by (1) gastroenterostomy, (2) 
gastric resection, and (3) vagotomy? Gastro- 
enterostomy may produce some neutralization 
of the gastric acidity by regurgitation, how- 
ever, reflex vagal activity continues and there 
is no decrease in the secretory capacity of the 
stomach. There is some diversion of the gas- 
tric juice through the gastroenterostomy and 
away from the ulcer bearing area in the duo- 
denum. This accounts for the healing of the 
duodenal ulcer which follows gastroenteros- 
tomy, but also for the appearance of a jejunal 
ulcer. Thus there is no fundamental change 
in gastric function and it is not surprising that 
the procedure is followed by an undesirably 
high incidence of failure. 
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The performance of an adequate gastric 
resection entails the removal of the majority 
of the fundus and the entire antrum of the 
stomach. The secretory capacity of the stom- 
ach is reduced not only by the removal of acid 
secreting fundic cells, but in addition, antral 
removal decreases the stimulation of the 
parietal cells in the remaining gastric pouch (19). 
By these two mechanisms the secretory activ- 
ity of the stomach is markedly reduced. Fol- 
lowing gastric resection therefore, the secretion 
that takes place is relatively small, whether 
during the interdigestive period, or during 
any of the phases of the digestive period. Work 
in this field has recently been summarized by 
Ivy, Grossman, and Bachrach (10) who point 
out that, following subtotal gastrectomy for 
duodenal ulcer, approximately 75 per cent of 
cases (683 out of go4) had an anacidity to a 
test meal or histamine. For the same reason, 
the response to emotogenic factors, following 
gastric resection, will also be slight. It is thus 
insufficient to consider that gastric resection 
affects only the gastric phase of secretion. 
In view of the decreased secretory capacity of the 
stomach, there is a lessened response to all types 
of stimult. 

Complete vagotomy also produces marked 
changes in gastric function. Pavlov first dem- 
onstrated that the cephalic phase of gastric 
secretion is abolished by vagotomy. This has 
been confirmed by Farrell. It has been re- 
cently demonstrated that emotiogenic factors 
are also dependent upon the vagus (20). Secre- 
tion during the interdigestive period is mark- 
edly reduced following vagotomy, as is demon- 
strated by the decrease in nocturnal secretion 
reported by many observers (3,6,7,16). Stein 
and Meyer showed a gs per cent reduction of 
both nocturnal and basal secretion in 18 pa- 
tients following complete vagotomy. It should 
be stressed that vagotomy reduces the respon- 
sweness of the parietal cell to all direct stimuli (1, 
7,13, 15, 21) and therefore the response of the 
stomach during the gastric phase of secretion 
is reduced. Stein and Meyer (16) reported an 
average secretory response to histamine in 
II patients was 12.7 milliequivalents per hour 
before surgery and 3.6 milliequivalents per 
hour after complete vagoto a decrease of 
72 per cent. There was a decreased response in 


or, 


each patient, and in 2 achlorhydria was pres- 
ent. Because of this lowered secretory capac- 
ity, the secretion of the stomach during all 
phases of the digestive period is decreased. It 
is thus incorrect to consider that vagotomy 
affects only the so called ‘“‘nervous” or “‘re- 
flex’”’ or “cephalic” phase of gastric secretion. 
In addition to the secretory changes, vagot- 
omy is followed by a marked decrease in gas- 
tric motility (7, 16). 

There are four physiologic factors which 
affect the clinical result following gastric re- 
section. Two of these, the entire removal of 
the antrum and adequate resection of the 
fundus, have already been mentioned. A third 
factor concerns the length of the intestine 
leading to the gastroenterostomy. Resistance 
of the intestinal mucosa to acid-pepsin de- 
creases progressively as the distance from the 
stomach increases, thus the longer the loop, 
the less the resistance of the mucosa and the 
greater the chance of recurrent ulceration (5, 
12). A fourth factor is the complete diversion 
of gastric juice away from the duodenum, 
permitting rapid healing of a duodenal ulcer 
which may not have been removed. When the 
first three factors have been dealt with ade- 
quately, total diversion of the gastric contents 
onto the jejunal mucosa will cause ulceration 
in only a small percentage of cases. 

The relationship of physiologic factors to 
the clinical results following vagotomy are 
still controversial. There are several unan- 
swered questions: (1) Are the physiologic 
effects on the stomach permanent? (2) Is com- 
plete vagotomy necessary for a lasting cure? 
(3) Are there any serious side effects? The 
answers to these questions will undoubtedly 
affect the future use of vagotomy in the treat- 
ment of peptic ulcer. , 

From the facts that have been presented it 
is evident that both gastric resection and 
vagotomy depress all mechanisms of gastric 
secretion although they accomplish this by 
rather different means. 


REFERENCES 


1. ANTIA, F., and Ivy, A. C. Effect of vagotomy on gas- 
tric secretion and emptying time in dogs. Fed. 
Proc., Balt., 1949, 8: 5. 

2. BABKIN, B. P. The secretory mechanism of the diges- 
tive glands. P. 174. New York: Paul B. Hoeber, 
Inc., 1950. 





112 


3 


= 





SURGERY, GYNECOLOGY 


Ciarke, J. S., Storer, FE. HL, and Dracstept, L. R. 
The effect of vagotomy on the physiology of the 
stomach in patients with peptic ulcer, J. Clin. 
Invest., 1947, 26: 784. 

Farrens, J. 1, Contributions to the physiology of gas- 
tric secretion—-XIV, the vagi as the sole efferent 
pathway for cephalic phase of gastric secretion. 
Am. J. Physiol., 1928, 85: 685. 

irorty, H. W., and Harvine, H. EB. Further obser 
vations on the secretion of Brunner’s glands. J. 
Path, Bact., Lond., 1934, 39: 255. 

Grimson, K. S., Bayiin, G. J., Tavtor, H. M., 
Husser, F. H., and Runpies, R. W. Transthoracic 
vagotomy. J. Am. M, Ass., 19047, 134: 925. 

Grimson, K. S., Tavtor, H. M., Trent, J. C., and 
Wison, D. A, The effect of transthoracic vagotomy 
upon the function of the stomach and upon the 
carly clinical course of patients with peptic ulcer, 
South, M, J., 1946, 39: 460. 

Grossman, M, L, Gastrointestinal hormones. Physiol. 
Rev., 1950, 30: 33. 

Ivy, A. C. The causes of gastric secretion, 
Ass., 1025, 85: 877. 

Ivy, A. C., Grossman, M. T., and Bacnracn, W. HH. 
Peptic Ulcer. Pp. 981, 084. Philadelphia: The 
Blakiston Co,, 1050. 

Kesavacu, A., and Mann, F. C. The influence of 
duodenal contents on intragastric acidity. Surgery, 
1943, 14: 578. 

Mann, F. C., and Boutman, J. L. Experimentally 

produced peptic ulcers; development and treatment, 

J. Am. M,. Ags., 1932, 99: 1570. 


J. Am. M. 





14, 


10, 


19. 


20. 


al. 


AND OBSTETRICS 


OBERHELMAN, H., A,, Jr., and Dracsrepr, L, R 
Effect of vagotomy on gastric secretory response to 
aan. Proc. Soc, Exp. Biol., N. Y., 1948, 67: 
330. 

Pavioy, I. P., and SuumMov-SIMANOvsKI, E. O. Vrach, 
1890, No. 41. 

Ropertson, C, R., and GrossMan, M. 1. Potentiation 
of the gastric secretory response to histamine by 
parasympathomimetic drugs. Fed. Proc., Balt, 
1948, 7: 103. 

Stein, Ll. F., Jx., and Meyer, K. A. Studies on vagot. 
omy in the treatment of peptic ulcer—IIL, physio. 
logical aspect. Surg. Gyn. Obst., 1948, 87: 188- 
196, 

Idem. A clinical and physiologic evaluation vagotomy 
in the treatment of peptic ulcer. J. Internat. Coll, 
Surgeons, 1948, 11: 131. 

Srorer, Ef, H., Woopwarp, E. R., and Dracstepr, 
L. R. The effect of vagotomy and antrum resection 
on the Mann-Williamson ulcer, Surgery, 1950, 27: 
526-530. 

Wituecmy, C. M., O’Brien, I. T., and Hitt, F.C, 
The influence of the pylorus on the secretion of acid 
by the fundus. Am, J. Physiol., 1936, 116: 685. 

Wo tr, S,, and Anprus, W. DeW. The effect of vagot- 
omy on gastric function, Gastroenterology, 1947, 
8: 429. 

Woopwarp, FE. R., Dracstept, L. R., Tover, E. B,, 
OpeRHELMAN, H. A., Jr., and Near, W. B.,, Jr. 
A quantitative study of the effect of vagotomy on 
gastric secretion on the dog. Proc. Soc. Exp. Biol, 
N. Y., 1948, 67: 350. 











got- 
ysio- 
188~ 


omy 
Soll, 


EDT, 
tion 
a7: 


acid 
5. 
got- 
947, 


Be 

Jr. 
y on 
‘iol, 





SURGERY 
Gynecology and Obstetrics 


FRANKLIN H. MARTIN 
Founder and Managing Editor 
1Q05~1035 


LoyaL Davis, Editor 


Associate Editors 
Sumner L. Kocn Micuakt L. Mason 
M. kK. Spencer, Assistant Editor 


james T. Priestiey, Associate, Editorial Staff 


JANUARY, 1951 


NEEDLE BIOPSY OF THE LIVER 


HI increasing popularity of needle 

biopsy of the liver as a bedside diag- 

nostic method indicates that it ful- 
fillsa real need. In 1939, Iversen and Roholm! 
in Copenhagen, and Baron’ in New York 
described their experiences with this proce- 
dure, These reports stimulated a great deal of 
interest and were followed by the adoption of 
needle biopsy in many clinics throughout the 
world. Although a careful evaluation of the 
patient's history and the physical examination 
will always remain paramount as diagnostic 
measures, no one denies the frequent necessity 
of additional help in the solution of problems 
relating to liver and biliary tract disease. 
Many of the available aids, examinations of 
blood, urine, and feces, constitute indirect 
methods of approach. The results of such tests 
require evaluation and interpretation; they 
are usually nonspecific and notoriously varia- 
ble. It is not surprising therefore that such a 


‘IVERSEN, P., and Ronotm, K. Acta med. scand., 1030, 102: 
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very direct approach to the problem as repre- 
sented by needle biopsy of the liver is attrac- 
tive. The pathologist, long regarded as the 
final court of appeal in matters of diagnosis, is 
expected to furnish the correct answer. Very 
often he can. Despite the minute size of the 
specimen obtained, the biopsy is usually quite 
representative of the liver as a whole. Never- 
theless, the specimen size and the sampling 
error is a recognized limitation. Most pathol- 
ogists agree that some experience in examining 
liver biopsies is necessary before accurate in- 
terpretations can be made. The appearance of 
fresh liver tissue, fixed immediately, often dif- 
fers considerably from that customarily exam- 
ined as autopsy material. 

Needle biopsy of the liver is not difficult to 
perform. Complete co-operation on the part 
of the patient is essential for he must hold his 
breath during the actual biopsy maneuver. 
The lateral intercostal approach is favored by 
nearly all operators at the present time. The 
actual techniques have been carefully de- 
scribed by Iversen and Roholm, by Sherlock’, 
and by Cogswell, Schiff and co-workers‘. The 
ninth intercostal space in the right mid or 
anterior axillary line is customarily selected as 
the puncture site and the needle is directed 
toward the dome of the liver. Where the liver 
is small, it is probably advisable to select the 
seventh or eighth intercostal space. Since the 
pleural space and the diaphragm must be 
traversed by the needle, the inexperienced op- 
erator often fears that he will puncture the 
lung. Hence there is a tendency to select a 
lower interspace for the puncture site. Unless 
the liver is enlarged, the lower and more an- 

S3SHERLOCK, S. Lancet, Lond., 1945, 2: 307. 


4CoGswELt, R. C., Scutrr, L., Sarpr, S. A., RICHFIELD, D. F., 
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teriorly one inserts the biopsy needle the 
greater is the risk of entering the gall bladder. 
This is an unfortunate but, nevertheless, occa- 
sional occurrence. The Vim-Silverman needle, 
used so successfully by Schiff and his col- 
leagues‘, minimizes this danger; its total 
length is only 334 inches and excessive pene- 
tration of the liver is automatically limited. A 
liver biopsy needle, based on the Silverman 
principle, was described in 1946 for use in con- 
junction with peritoneoscopy”’. This needle has 
subsequently been employed for bedside liver 
biopsy via the lateral intercostal route. The 
simple guard attached to this needle is be- 
lieved to be a worthwhile improvement but 
the greater overal] length of the needle is a 
disadvantage. This increases the risk of liver 
biopsy by encouraging deeper penetration into 
the hepatic substance. The risk of lung punc- 
ture seems very small when the intercostal ap- 
proach for liver biopsy is used; the procedure 
is done in the phase of complete expiration. 
Some pain, either during or following needle 
biopsy of the liver occurs in many patients. 
This can be reduced by careful infiltration of 
the tissues with procaine down to the peri- 
toneal reflection over the lateral surface of the 
right lobe of the liver. Just as with any proce- 
dure requiring local agents for anesthesia, 
some time must be allowed for the procaine to 
diffuse through the tissues. Too many im- 
patient operators immediately follow the infil- 
tration with the insertion of the biopsy needle. 
As a result, the biopsy proves to be more 
painful than it need be. 

The principal danger inherent in needle 
biopsy of the liver is hemorrhage. Therefore 
the practice should be limited to hospitalized 
patients where facilities for transfusion and 
surgical exploration are available. The biopsy 
should be performed by the clinical service di- 
rectly responsible for the care and manage- 

SHOFFBAUER, F. W. J. Am. M. Ass., 1947, 134, 666-670. 


ment of the patient. The operator should be 
entirely familiar with the case and should per- 
sonally supervise the postbiopsy observations, 
Divided responsibility between clinical sery- 
ices may result in a delay in the recognition of 


complications and a loss of time in the institu-_ 


tion of proper treatment. Patients selected for 
needle biopsy should be free of any hemorrha- 
gic tendency so far as can be determined by 
the usual clinical and chemical tests. Should 
suggestive signs of intraperitoneal hemorrhage 
appear after liver biopsy, blood transfusion 
should be carried out at once. This is usually 
all that is required to stop the bleeding. A 
second hazard in needle biopsy is bile leakage 
from the puncture site. Personal experience 
suggests that this danger is limited to patients 
with high grade extrahepatic bile duct ob- 
struction. The intrabiliary pressure is high in 
patients with complete or nearly complete ob- 
struction due to cancer. Bile leakage from the 
puncture wound in the liver has persisted in 
several such instances following biopsy. Un- 
fortunately, the resultant peritoneal irritation 
was erroneously ascribed to continued slow 
bleeding from the small wound in the liver and 
the operation needed to decompress the dis- 
tended bile duct system was consequently de- 
layed. Needle biopsy of the liver is not con- 
sidered advisable in a jaundiced patient if the 
gall bladder is demonstrably enlarged and pal- 
pable. The intrabiliary pressure is almost cer- 
tain to be elevated. It is recognized however 
that somewhat less than one-half of patients 
with cancerous biliary obstruction exhibit pal- 
pable or visibly distended gall bladders when 
examined at the bedside. In such instances 
the information to be gained by a needle 
biopsy is admittedly very desirable. If the 
procedure is employed however, the risk in- 
volved must be recognized and accepted. 
The value of liver biopsy in establishing the 
diagnosis of such disorders as cirrhosis, fatty 
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metamorphosis, hemochromatosis, sarcoidosis 
and multiple hepatic metastases has been 
demonstrated repeatedly by many investiga- 
tors. The adoption of needle biopsy has been a 
great stimulus to the study of liver disease in 
general. The basic pathology of virus hepatitis 
has been quite well established in the past 
decade, largely on the basis of needle biopsy at 
various stages of the disease. 

Probably the severest test one can impose 
on any diagnostic procedure in the general 
field of liver disease is: will it clearly distin- 
guish surgical and medical types of jaundice? 
No method yet devised has been infallible and 
liver biopsy is not an exception. Nevertheless, 
the procedure has demonstrated its superiority 
over other commonly employed methods in 
many individual cases. In the experience of 
Weisbrod® and his colleagues at the Cincinnati 
General Hospital, the biopsy diagnosis proved 
much more reliable than the results of com- 
bined biochemical tests used for diagnostic 
purposes. Popper and his associates’ have 
demonstrated that the addition of liver biopsy 
further increased the accuracy of diagnosis 
over and above that obtained by a series of 
liver function tests. 

Needle biopsy should not be considered a 
final answer to the problem of diagnosis in 
liver disease. It has been established as a use- 
ful and at times a decisive diagnostic ad- 
junct; its use in properly selected cases can 
be recommended. F. W. HorrsBaveEr. 


ELECTROENCEPHALOGRAPHY 


ROGRESS in any branch of surgery 
has usually seemed to imply a change 
in emphasis from the gross to the 
minute, from the anatomic to the functional. 


*Weisprop, F.G., Scutrr, L., GALL, E. A., CLEVELAND, F. P., 
and BERMAN, J. R. Gastroenterology, 1950, 14: 56. 
_ Popper, H., STEIGMAN, F., MEYER, K. A., Kozott, D. D., and 
Franky, M. Am. J. Med., 1949, 6: 278. 
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Thus, for instance, the thoracic surgeon 
formerly interested in the gross pathology of 
the thorax increasingly turns his attention to 
such intricate physiologic data as differences 
in the blood pressure, pulse curves, and ar- 
terial oxygen content of the great vessels. A 
similar trend now becomes evident in, neuro- 
surgery. The previous concern with gross 
cerebral diseases, such as tumor, cyst, trauma, 
and abscess is changing to an interest in the 
more subtle disturbances of brain function 
associated with such diseases as convulsive 
disorders and psychoses. Perhaps one of the 
most important factors contributing to this 
change in viewpoint has been the rapid ad- 
vances taking place in the field of electro- 
encephalography. This science, which is con- 
cerned with the electric changes taking place 
in the functioning brain, provides the neuro- 
surgeon not only with useful information as 
to the nature and site of gross lesions of the 
brain but also enables him to extend his thera- 
peutic field to functional derangements with- 
out visible abnormality. 

The use of electroencephalography to local- 
ize lesions of the brain depends on the fact 
that the electric rhythms normally produced 
by neurons are sensitive to the metabolic 
changes that may ensue when brain tissue is 
encroached upon, injured or infected, or when 
its blood supply is depleted. An early result 
of these pathologic processes acting on the 
cortical neurons is to suppress the normal 
rhythms, but later the neurons are stimulated 
to produce a slow discharge (delta waves) at 
the margin of the lesion. When the lesion 
becomes sufficiently large to destroy consider- 
able parts of the cortex, localization will 
usually be indicated by an area of electric 
silence with surrounding abnormality. It 
follows that the rapidity of expansion of a 
tumor and the ability of the surrounding 
neurons to compensate for the encroach- 
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ment are the primary factors that affect the 
degree of electric abnormality which ensues. 
Thus, the electroencephalogram is able to 
provide only indirect evidence concerning the 
pathologic nature of the lesion. It is generally 
agreed that g5 per cent of cortical brain tu- 
mors give rise to abnormalities detectable by 
electroencephalography and that, in about 
85 per cent of cases, localization is sufficiently 
accurate (within one lobe) to guide the neuro- 
surgeon in planning his craniotomy flap. 

It has been found that, when the blood 
supply to the cortex is restricted, delta waves 
usually appear before clinical evidence of 
functional disturbance can be detected. This 
observation has been employed as a useful 
test of cortical viability in the treatment of 
cerebral aneurysm by ligation of the internal 
carotid artery If no electroencephalographic 
abnormality develops after manual compres- 
sion of the internal carotid artery, it can be 
assumed that the collateral circulation is ade- 
quate and the permanent ligation can be car- 
ried out without risk of paralytic sequelae. 

Deep lesions of the brain also produce 
electric abnormalities. It is believed that 
cortical rhythms are controlled by pacemaker 
mechanisms which are situated in the dienceph- 
alon. Since this control is diffuse, lesions 
in the diencephalon (thalamic, hypothalamic, 
pineal and pituitary tumors and cystic ex- 
pansion of the third ventricle caused by tu- 
mors of the midbrain or posterior fossa) are 
likely to produce widespread bilateral electric 
discharges of a rhythmic nature (dysrhyth- 
mias). The abnormality rate in deep lesions 
is almost as high as for those in the cortex, 
but, owing to the projected nature of many 
of these disturbances, the same accuracy of 
localization is not obtained. 

The abnormalities resulting from cerebral 
trauma are in general similar to those de- 
scribed, and likewise vary according to the 


extent and depth of the lesion. In closed in- 
juries of the head, serial changes in the electro- 
encephalogram usually give a reliable index of 
clinical improvement and, in the later stages 
of recovery, the development of focal or gen- 
eralized paroxysmal discharges may herald the 
onset of posttraumatic epilepsy. 

Since the pioneer work of Foerster and Pen- 
field, increasing attention is being given to sur- 
gical treatment of focal epileptic seizures by 
means of cortical excision. While in the ma- 
jority of such cases some scarring or develop- 
mental defect is present in the cortex, there 
may be no other indication of functional ab- 
normality than a persistent abnormal electric 
discharge. In this instance, electroencephal- 
ography combined with recording from the 
cortical surface (electrocorticography) may 
provide the only reliable clue a surgeon pos- 
sesses to the area of cortex requiring excision. 
l'urthermore, it has been shown that, even in 
cases of visible scarring of the cortex, the epi- 
leptogenic area from which electric and clini- 
cal abnormalities arise may lie in apparently 
normal cortex, some distance from the visible 
lesion. Success in this technique of surgical 
excision of the cortex for epilepsy naturally 
demands that the neurosurgeon have an accu- 
rate map of cortical function so that impor- 
tant areas are not inadvertently removed. Al- 
though at present only in a developmental 
stage, physiologic mapping of the cortex under 
barbiturate anesthesia is likely to prove an 
important guide to the neurosurgeon in plan- 
ning a cortical excision. This technique allows 
the various sensory areas in the cortex to be 
accurately mapped by detecting the electric 
discharges which signal the arrival of a sen- 
sory stimulus (light, sound, touch) in the 
cortex. 

Mapping in depth can also be achieved by 
recording electric rhythms from below the 
surface of the brain with the aid of a probe 
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electrode. It has been shown, for instance, 
that gray and white matter can be distin- 
guished by the spontaneous rhythms’ and that 
this can be used as a guide to the correct depth 
for section in prefrontal leucotomy. A combi- 
nation of this technique with that of stimula- 
tion of the appropriate sensory system allows 
specific functional tracts, such as the optic’ to 
be located. A technique of this kind might be 
profitably employed for locating the sensory 
root of the trigeminal nerve in the Sjéqvist 
operation. 

Electroencephalography has recently found 
important application in the field of general 
anesthesia. Extensive tests on animals and 
human beings have shown that the brain po- 
tentials undergo a series of characteristic 
changes with deepening anesthesia both in 
barbiturate and ether anesthesia. In ether 
anesthesia, 7 distinct patterns associated with 
different depths of anesthesia can be recog- 
nized’, and these have been successfully em- 


' Bickrorp, R. G., UrHLern, ALFRED, and PETERSON, M. C. 
Electrical potentials recorded from the surface and the depth of 
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lectrique spontanée at provoquée du lobe occipital humain. 
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ployed to guide the anesthetist and forewarn 
him of dangers that might otherwise go un- 
detected. A further development in this tech- 
nique employs brain waves to control actively 
the dose of ether so that an entirely automatic 
administration is achieved'. “Servoanesthe- 
sia” (servus—a slave), as this technique is 
called, has been used for more than fifty major 
surgical operations and has proved successful 
in maintaining smooth anesthesia with good 
relaxation in addition to relieving the anes- 
thetist of much tedious work. 

New conceptions of brain function picture 
the brain as a vast electronic computing ma- 
chine with memory circuits and purposive 
electronic mechanisms’. The neurosurgeon of 
the future will probably be required to sever a 
fiber tract that is recirculating memories in a 
psychotic patient or destroy a thalamic nu- 
cleus whose leakiness sends the rest of the 
brain into epileptic oscillation. In this work, 
electroencephalography will be his handmaid 
and his guide. 

REGINALD G. BICKFORD. 
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RED GOD 


ESTHER H. VINCENT, Evanston, Illinois 


NE bright day in the spring of 1870, 
Holy Mother Russia labored a while 
under a mild April sun, and then, to 
her own and the world’s surprise, 
brought forth a god. 

Little Vladimir Ulyich Ulyanov, born to be- 
come Nicolai Lenin, first raised his potent voice at 
Simbirsk (now Ulyanovsk), a country town, inno- 
cent of railroads, rising in terraced picturesqueness 
from many-curved mid-Volga. 

Ilya Nicolaevitch Ulyanov, son of a tailor, with 
a possible oriental strain in his lower middle-class 
Astrakhan ancestry, had married Maria Alexan- 
drovna Berg, daughter of an army surgeon of 
Russianized German descent. Eventually, Ilya 
and Maria produced a family of three sons and 
three daughters, bringing them up in the sensitive, 
genteel poverty of white-collarism. Ilya Nico- 
laevitch, an honored education enthusiast, seems 
to have held various jobs, including those of super- 
intendent of schools and government meteorolo- 
gist. Through virtue of being an “active state 
counsellor” he was automatically advanced to a 
low grade of the non-landed nobility. 

Small Vladimir (Volodya), the third child and 
his mother’s favorite, was no unpleasant youth- 
ful genius. A short, stocky boy, red-haired and 
gray-eyed, he enjoyed all the games of sturdy 
Russian childhood —swimming, skiing, skating, 
tobogganing, and even emulating circus trapeze 
artists. Before he was 5 years old, he had been 
taught to read, although he did not enter the local 
school until he was 1o. He shared the warm 
friendliness of his family, the common interest in 
art, music, science, and literature. He even played 
the piano rather well for a while, and then forgot 
all about it. His passion for people en masse orig- 
inated in the family sensitivity to the dull misery 
of Russian toil. His amazing power of concentra- 
tion, his alarming tenacity of purpose and his 
quiet genius for leadership must have been evident 
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even then, but he made faint impression on his 
fellow-townsmen, who remembered only his dash- 
ing, romantic elder brother. 

Tolerant, church-going Ilya Nicolaevitch died 
of heart disease early in 1886, leaving to his two 
atheist elder sons the care of the family, now finan- 
cially dependent on Maria Alexandrovna’s inade- 
quate funds. At this point, the eldest son, Alex- 
ander (Sasha) chose to brew some bitter tea in the 
simmering samovar of revolt. 

While other young radicals had exchanged hope 
of revolution for the shrugging indifference or the 
despairing mysticism of the East, Alexander was 
one of those two or three gathered together who 
kept alive the dangerous spark of revolt. Member 
of a terrorist society, 22 year old Sasha was con- 
victed of an unsuccessful attack on the ‘Tsar, and 
was hanged in May, 1886. 

Simbirsk continued to doze under the sterile 
spirit of the Romanoff régime, and Vladimir, now 
17 and tragically deprived of his adolescence, com- 
pleted his gold-medal career at the high school, the 
principal of which was father of that Kerensky 
who was to precede Lenin as head of the Revolu- 
tionary Government. Vladimir then went up to 
the University at Kazan to study law. Admitted 
in August, 1887, he was “sent down” the follow- 
ing December, because of his association with 
“dangerous thought”’ students. 

These budding legal lights of Kazan endured a 
meager existence, sleeping five boys to a room, 
studying three boys to a book, and congregating 
in long corridors, the walls of which were scabrous 
with ‘for sale” notices of old books and old 
clothes, the floors of which were slippery with spit. 
The stagnant, smoky air blurred the pale, thin faces 
sticking up nervously out of ill-fitting clothes. 
Bugs were the outward sign of comfort, since in- 
sects abandon a starving body. 

Permitted to return to Kazan in the fall of 1889, 
young Ulyanov mixed law and Marxism to such 
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advantage that in a few years he was able to take 
4 first class diploma at the University of St. Pe- 
tersburg, and, at the same time, crash the Marxist 
dite. During the famine of 1891, he took to organ- 
izing strikes among the factory workers, and the 
next year found him practicing law in Samara, ap- 
aring for the defense at several trials, but chiefly 
absorbed in thinking of the probable effect of 
Marxism on the misery of the working people. 

Russia, like many other countries, was a “one- 
city nation,” and the police-suspect Ulyanov fam- 
ily soon moved to St. Petersburg, where elder 
sister Anna (Anyuta) married, pianist sister Olga 
died of typhoid, and brother Dmitri (Mitya) 
studied medicine and later died in Moscow. Only 
Mother Maria Alexandrovna and young sister 
Manyusha were left. 

By this time Vladimir Ulyanov was politically 
mature, and, in addition, could read German, 
French, and English well. He directed his efforts 
toward the abolition of illiteracy among factory 
workers, and aimed equally astonishing ideas at 
improvement of the peasantry. The young man’s 
urge was founded, not on emotion, but on logic. 
His psychic necessity for accuracy led him to the 
astronomical compilation of statistics on sewerless 
factories, filthy dwelling-houses, and on the clean- 
ing of vertical paper-pulp pipes with human 
brooms in the form of naked women who slid 
down them in sacks. 

To this period belong the first of his polemical 
writings directed against the state abuses, red-hot 
manuscripts passed from hand to hand, just the 
sort of items the police loved to collect. These and 
the activities of his illegal Union for the Liberation 
of the Working Class brought on his inevitable ar- 
rest in December, 1895. Few Marxists escaped at 
least one arrest and exile before they were 30. 
Ulyanov languished in prison for a year or so, and 
was then “put on ice” in central Siberia. The fate 
of such exiles depended upon the whims of petty 
brass hats, and it was a lucky break for Ulyanov 
that he did not suffer insanity, tuberculosis, or 
mayhem. His hut faced the shimmering moun- 
tains of far Mongolia across the spell-bound 
steppes of Yenisei Province. His clean little 
room, lined with books, had for a desk a slab of 
wood on four logs. ‘To join him in his forced seclu- 
sion came his wife and her mother. 

Nadezhda Konstaninova Krupskaya, he had 
met at a political night school in St. Petersburg, 
and, on being told that it might be a good thing to 
have a wife, Ulyanov had obediently married the 
obviously ‘willing maiden. For 26 faithful years, 
he found solid comfort in her tranquil nature, her 
lofty intelligence, the beauty and kindliness of her 
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simple homeliness. ‘Magnificent Krupskaya” her- 
self, had a remarkable mother, Elisavita, a daunt- 
less soul, who spent her declining years carrying 
food and clean laundry to her incarcerated off- 
spring and haunting the dingy waiting rooms of 
political prisons for “permission to visit.” 

When not engaged on his monumental Develop- 
ment of Capitalism in Russia, Ulyanov played si- 
multaneous games of chess, read his methodically 
self-rationed daily newspapers, and went on oc- 
casional shooting expeditions, which showed him 
to be more regretful of lost hours than of lost hares. 

Return to a suspicious St. Petersburg made 
voluntary exile to foreign lands the better way 
of life—an underground life of secret inks, forged 
passports, false-bottomed trunks, cloak-and-dag- 
ger meetings in smelly furnished rooms, cold- 
water flats, or walk-up attics. Jskra (The Spark), 
intended to kindle flames among the Russian 
workers, found temporary editorial haven in the 
Munich of 1900. For the sake of his ewn and his 
family’s safety, Ulyanov now signed his articles 
Nicolai Lenin, the Lenin being derived from his 
middle name, Ilyich by way of his Siberian pseud- 
onyms of Ilyin and Tylin. Verbal battles raged 
with the old-fashioned bomb-throwing terrorists 
and with the emotional wide-eyed dreamers in- 
capable of scientific analysis of the situation. 

When the exigencies of life and party led him to 
Britain, Lenin lived in a London back street, 
played chess, endured English cooking, drank gal- 
lons of hot tea, and developed a bubbling sense of 
humor over the little things of daily life. What 
income he and Nadezhda had, came from party 
collections. After the failure of the anticipated 
revolution of November, 1905, Lenin, saddened 
by the incompetence of those he trusted, took 
refuge in a Swiss village where he lived for a while 
in the shadow of his disappointment. Poverty 
was his normal condition. However, unlike most 
émigrés, he still had a decent coat and sound 
shoes, and so was not refused admittance by li- 
brary attendants in the various cities of his roam- 
ing life. 

In 1912 Underground Headquarters moved from 
Paris to Cracow. Krupskaya here became the 
head of the organizing work, receiving comrades 
from Russia, giving instructions, setting up con- 
nections, writing, coding and decoding letters. In 
1914 she inherited 2,000 rubles, which kept her 
and Lenin going for two years. 

On Good Friday of 1914, Krupskaya was tired. 
Headaches had plagued her since Paris. Her eyes 
burned and the figures on her papers seemed to 
march off the page. Thinking to rest, she and 
Lenin crossed Cracow by streetcar to take a two 
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day hike in the forest. Easter found her sleepless, 
with pounding heart and shaking hands. In spite 
of strong hot tea, the walk home was a nightmare. 
Since the streetcars were not running on Easier, 
the Lenins had to take a carriage home. The next 
day a physician diagnosed her case as exophthal- 
mic goiter, and advised a Berne specialist. Lenin 
thought the doctor an alarmist, but wrote to his 
friend, Gorky, for money. Then, accompanied by 
Elisavita and the Zinovievs, he took Nadezhda to 
Poronin, a town in the Tatra Mountains, where 
they had a cottage with a veranda open to the 
sparkling, pine-scented air. A specialist from 
near-by Zakopane confirmed the diagnosis, and 
so, on arrival of a check from Gorky, the anxious 
little group went off to Berne. The operation was 
performed too late for complete recovery. How- 
ever, although her heart was badly damaged, 
Nadezhda outlived her husband by 15 years. 

In 1917 fear hung like a dark cloud over the 
gardens of the Romanoffs. The sixth of March 
was bitter cold—pipes burst, locomotives became 
quiet lumps of ice, 57,000 food trucks were motion- 
less, bakers had no flour, housewives no bread. 
Panic skated through the industrial suburbs. On 
the 8th, to the amazement of Nicholas and the 
Duma, the army defected. Red flags proclaimed 
the Workers’ and Soldiers’ Soviet, and from con- 
cealed nests all over the world, the Communist 
birds flew home. 

Lenin had never before addressed more than 
100 people at a time. For 30 years he had been 
hopping from one group of 10 supporters to 
another of 20. He who had never been received 
by a single shout in the street, now met the ac- 
claim of multitudes with imperturbability and 
made his speeches without the slightest sign of 
emotion. He sat on the roof of an armored car 
that stopped at every street corner for him to 
speak. Hitherto, a sphinx in the moonlight, he 
now appeared as a hero in daylight, and appeared 
well. 

But he was quickly exhausted, and soon took 
refuge at Bolshevik headquarters in that sullen 
old lump of rock on the banks of the Neva, the 
Smolny Institute. Pale, suffering from lack of 
sleep, a bundle of nerves, Lenin listened to voices 
from barracks and factory, and ceaselessly sent 
out his own voice against the bourgeois revolution. 
Hounded into Finnish exile, he was back again in 
a few months, directing the proletariat coup, the 
timing of which was one of the miracles of revolu- 
tionary history. 

At this time, Lenin had a thick-set figure, a 
powerful head, rather bald, set on a stout neck, 
plebeian features with piercing eyes, a big kindly 


mouth, and strong chin. Bothered by a flock of 
garrulous revolutionaries who knew not discipline, 
he nevertheless defeated one by one every center 
of resistance. Slowly, badly, irregularly, the trains 
began to run, the telephones to ring, the food to 
come in. Lenin, in a honeymoon of power, organ- 
ized the grain supplies, followed the enemy’s 
movements, directed the Red Army, studied the 
international situation, and found his bearings 
from imperialist dissensions, and from lightning 
interviews with foreign revolutionaries and Soviet 
engineers and economists. He had no secretary 
and rarely dictated anything. His brief case was 
the State Policy of Russia; his brain, the Parlia- 
ment. 

When he spoke, his voice was harsh and dry, 
his words unimpassioned, matter of fact. He 
would thrust his thumbs into the armholes of his 
vest, and rock back and forth on his heels. He 
looked like a Menschevik and a very small one at 
that. Spruced up a bit, you would have taken him 
for the bourgeois mayor or the banker of a small 
town. But his hidden magnetic qualities could 
inject iron discipline into: state life. His was a 
flexible and creative intellect. He knew when to 
be precipitate in action, and when to go slow. He 
practiced what he preached, not willing to eat 
cake unless everybody else could eat it too. His 
diet consisted of slabs of black bread, porridge, 
tea, soup, and meat. He worked 12 to 15 hoursa 
day, sometimes more, and wrote hundreds of 
letters in his own hand. He and the others slept 
on iron cots in big plain rooms, where they threw 
themselves down without undressing. Their pay 
was that of the average working-man. 

On the evening of August 30, 1917, just as 
Lenin was stepping into a car on his way froma 
meeting of workers, small, dark, lean Jewess Dora 
(Fanya) Kaplan handed hima note. As he stopped 
to read it, she fired a revolver at him three times. 
Two shots took effect, and he fell to the pavement. 
Refusing aid, he scrambled to his feet, entered the 
car, and, on reaching his flat, walked up the 
stairs. One bullet had lodged in a lung, and one, 
traversing the neck and grazing the vertebrae, had 
stuck in his throat. Surgeons removed the bullet 
in the lung, but, although his robust organism 
withstood the shock well, they left the bullet in 
the throat alone. For three weeks Lenin rested in 
a near-by village, tended by Krupskaya and visited 
only by close friends and by the village children. 

On returning to work, Lenin continued his for- 
mer day and night grind. However, under stress, 
his usual reserve sometimes broke and at times he 
began his speeches with halting, heavy phrases 
before he could get into the swing of his old 
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fluency and vivacity. Deep, irregular wrinkles 
grooved his forehead. He was under constant ex- 
posure to danger, but never seemed to worry 
about the many attempts to shoot him. 

Until now he had always been thought hardy, 
an indestructible pillar of the Revolution, ever 
active, alert, even-tempered, gay. But during the 
first Congress of the Communist International, 
people noticed that he would sometimes have a 
tired look, an uneven voice, the strained smile of a 
sick man. With some embarrassment he would 
casually refer to headaches. Two or three weeks 
of rest, away from matters of secondary impor- 
tance, would restore him, but from December, 
1921 to March, 1922 he appeared at no large meet- 
ings. 

* the spring of 1922, Krupskaya persuaded 
him to have the Kaplan bullet removed from his 
throat, and he finally acquiesced to the fairly 
simple operation in Moscow. He spent the time 
of his convalescence at the state farm at Gorky in 
the Italian villa erected in the days of Tsarist 
grandeur. He quickly recovered from the surgery, 
but merciless application to his job had brought 
on an arterial sclerosis, which resulted in a slight 
stroke on May 25th. This did not bother him as 
much as it bothered Dr. Guetier and his other 
physicians. They prescribed no work, no thinking 
even, but Lenin followed their advice only to the 
extent of consenting to live in Gorky. 

His speech recovered, he often spent the night 
in the Kremlin, and went to the country only for 
week-ends. Slight but ominous warnings from his 
blood vessels continued to disturb him. In fol- 
lowing his habit of standing up to exchange notes 
with leaders in order to speed up a meeting, he 
would sometimes reel a little, and his face would 
flinch. He gave the impression of a hopelessly 
tired man, with sagging muscles, drooping shoul- 
ders, and the gleam gone from his eyes. Even his 
formidable forehead seemed to shrink. But a 
good night’s sleep would still refresh him. 

As the summer progressed, he seemed better. 
His pallor melted away in the sunshine, and in 
September he attended two big meetings. He 
told his friends that his song was not yet sung, 
that he had no time for dying. Nevertheless, his 
strength was ebbing, and the rhythmic call of 
creative work was all but drowned out by the dull 
drumming of disease. ‘I will work less,” he said. 
“The pains still shoot now and then, but I just 
won’t think about them.” 

December found him with a paralyzed right 
arm and leg, as well as loss of speech. Breathing 
with difficulty, he was taken to his country villa, 
where he gradually became able to move his hand 
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slowly and to speak cautiously. He now had to 
dictate his speeches and manifestoes. His mind 
was keen, and his decisions firm, but the re- 
sponses of his worn-out body were increasingly 
slower and more painful. Several months passed. 
No longer did he show his old alertness. He tired 
easily, but asserted, “One must not give way to 
moods.” 

On a spring morning of 1923, he tried to get out 
of bed, but could not. Fever followed last night’s 
pain. White and emaciated, he retreated once 
more to Gorky where he was nursed with an- 
guished tenderness by his wife and sister. Through 
the long hours of summer and fall, he lay patiently 
in a wheeled chair, looking like a slightly wounded 
soldier. What writing he did was in a painful, 
left-handed scrawl. Memories of the past floated 
by—the manuscript sheets of his first article, a 
railroad station in Finland, his desk at the Smolny 
Institute. 

Somehow his body acquired new life, and he 
again was able to rise and walk and speak a little, 
but his hand trembled so that he could not hold 
anything. It was hard for him to endure the 
patronizing tone of his doctors, to listen to their 
banal jokes and false encouragements. While still 
able to speak, he casually asked test questions and 
so caught them unaware in contradictions. He 
insisted on having additional explanations of his 
case, and dipped into medical books himself, striv- 
ing for clarity. 

When the first snow fell on Gorky, he went for 
a sleigh ride, muffled up in fur and blankets and 
stroking the cold barrel of a sporting rifle. He 
liked the touch of the steel. On Christmas he 
helped trim a tree for the children, and when they 
came to celebrate, he met them on his crutches 
with his kind smile. 

For two years he had felt the wind of death 
blowing around him. His was a cruel end, with 
little peace. “I hear that Martov, too, is dying,” 
he murmured to his wife, not knowing that Mar- 
tov, with whom he had dreamed young men’s 
dreams, had already fallen victim to tuberculosis. 

January, 1924, was very cold. Nadezhda read 
Jack London aloud, while Lenin listened wonder- 
ingly to the tales of man alone in the far north. 
Late in the afternoon of the 21st, he began to have 
muscular paroxysms, his breath came in quick, 
labored gasps, and he felt himself choking. For 
an hour he was in delirium. Then, at nightfall, a 
man passing the house heard a woman shriek. 

On the next day the All-Russian Congress of 
Soviets met with anxious whispers. Kalinin and 
the red banner were both missing. At length, to 
the throbbing beat of the Red Funeral Hymn, 
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Kalinin arrived, solemnly marching down the 
aisle with two young boys who carried the Red 
I‘lag deeply bordered in black. 

Stalin and his friends arrived immediately, but 
Trotsky unwisely remained in the far South. 
Within 36 hours of death, the body lay in state in 
the Hall of the White Columns, in a house once 
the Nobelmen’s Club of Moscow. The casket was 
covered with lilies and fir branches. It was a time 
of fearful cold, and during “Lenin’s Frost” the 
people who came to see the body shivered in their 
shabby furs, their smelly sheep-skins or their 
leather coats. Great piles of logs burned night 
and day on street corners, and on the day of the 
funeral pageant, the wind howled mercilessly 
about the horses and their riders. Although the 
Internationale is of French origin, the pomp and 
circumstance were thoroughly Russian in feeling 
and expression. 

Widow Krupskaya protested embalmment, but 
the Party Leaders thought the body necessary for 
proletariat inspiration. Thus Lenin became the 
first popular national hero, and the nation created 
to exalt class at the expense of the individual, now 
came to revere the individual who had made it. 
Fully aware of the influence of Lenin dead, the 
leaders ordered anatomist Vladimir Vorobiov and 
biochemist Boris Zbarski to start embalming. But 
an autopsy had to be performed to spike rumors 
that Lenin had died of syphilis or poison, and, be- 
cause the autopsy cut the blood vessels through 
which embalming fluid is ordinarily forced, some 
new technique had to be thought up if Lenin was 
to keep. The brain, however, was cut into 25,000 
microscopic slices, and was put on view at the 
Soviet Brain Institute, where visitors are expected 
to exclaim at the size of the cells. Some brain 
slides were shipped to Paris and Berlin. 

Vorobiov had developed some of the world’s 
finest injection needles in order to demonstrate to 
his anatomy students the physiology of the blood 
vessels. For months he and Zbarski worked on 
other corpses trying to evolve a method. Finally, 
with his needles, Vorobiov and his assistant, 
Schabadach, injected a solution of formalin sub- 
limate, skin-colored dyes and ordinary embalming 
fluid directly into Lenin’s skin and tissue, centi- 
meter by centimeter. This minute “tattooing” 


operation took a month to finish, but it was the 
greatest embalming job of the century. However, 
for years Schabadach made monthly trips to the 


tomb to check on the body’s condition and to add 
further injections if needed. 

Meanwhile, the wooden tomb before the Krem- 
lin was replaced by a new one of dull red granite, 
built like a terraced pyramid from a single 50 ton 
block. Over the bronze door there flared in red 
porphyry, Lenin. The body was placed on black 
granite under a glass canopy in an air-conditioned 
underground chamber, and so arranged that visi- 
tors must keep to a 10 foot distance. The dark 
marble walls were inlaid with red flames. Owing 
to the delay in starting embalming procedures, 
much of the body below the waist had to be sacri- 
ficed, What remains is kept in condition by an 
electrical pumping device inside the body (water, 
glycerine, potash?) which maintains a constant 
degree of sterilized moisture working through the 
inside tissues at constant pressure. The tempera- 
ture inside the glass canopy is at a constant 60 
degrees F. A variation of more than two degrees 
either way would ruin the god. The temperature 
was tested by marching Red soldiers through the 
vault, two abreast, thus fixing the number of per- 
sons who could be run through daily without 
bringing about a dangerous rise from body heat. 
Visitors are admitted for only two hours daily 
both winter and summer, and are given 45 sec- 
onds for a walk around. 

Lenin, frail and tiny, is quiet and strong in 
death. He does not rest in the common “saintly” 
position, but the firm, elegant right hand lies across 
the breast, the left at the side. You can see the 
bald, Slavic head with its scrubby reddish beard, 
lying on its silk pillow. The firm, full lips are a 
little pursed. There are the wide, sensitive nos- 
trils, the perfectly shaped bald skull, the short 
bleached hairs on the cheeks, and above and be- 
hind the ears. Flesh-colored lights shine down 
from the ridge of the glass enclosure. It is very 
good “theatre.” The flesh is still resilient, but 
there is a faint'sheen on the face and one finger- 
nail is blue at the base. 

Long since turned to dust in a London cemetery, 
Karl Marx lives on in the turgid periods of Das 
Kapital and in the reverent thoughts of all good 
Communists. But the other god of the Soviet 
Olympus is still to be seen, strong and influential 
even in death, and still subject to worship. His is 
the non-Christian apotheosis of one who con- 
sidered himself but a humble follower and inter- 
preter of Marx. 
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REVIEWS OF 


Abnormalities of the Heart and Great Vessels! was 
delivered by Dr. Robert E. Gross before the 
Wayne County Medical Society in 1946. For the past 
3 years this monograph has been of great help to all 
interested in this type of surgery and has been an 
excellent reference book for students because of its 
clear, concise and well illustrated discussions of the 
various congenital cardiovascular problems ame- 
nable to surgery. The author has included a review 
of the literature and summaries of the laboratory 
work that he and his associates have conducted with 
special emphasis upon the patent ductus arteriosus 
and coarctation of the aorta. This monograph repre- 
sents a tremendous amount of study, animal experi- 
mentation, team work and scientific and dialeal ac- 
complishments that mark the author as an out- 
standing pioneer and leader in this field of surgery. 
E. H. Fett. 


[a Beaumont Lecture, Surgical Treatment For 


DISCUSSION between the orthopedic surgeons 

and the bracemakers has been reported in the 
Proceedings of the First Annual Symposium on Ortho- 
pedic Appliances. It includes an anatomical re- 
view of the parts involved. The diseases which re- 
quire appliances are discussed. The various types of 
appliances which are in use are described and com- 
pared with regard to their relative merit. 

The bracemakers’ problems are elucidated and the 
engineering principles involved are presented by ex- 
perts in the various fields. Steel, fabrication, and 
heat treatment are the subject of a talk by Dr. H. L. 
Anthony. Light metals and their alloys are de- 
scribed by Dr. L. A. Carapella. 

There was a panel discussion of textile and plastic 
materials. A thorough discussion was conducted on 
the investigative work as well as the practical experi- 
ence on the prevention of corrosion, cleaning, and 
plating. The concept of having the bracemaker and 
orthopedic surgeon meet together to discuss their 
common problems is commendable. The difficulty 
of keeping the subject of equal interest to all con- 
cerned was encountered. The material ranges from 
generalities to specific problems. The discussion of 
bracing in the care of spastic children is outstanding. 

This is a wordy report covering 308 pages, but is a 
commendable attempt to work out a difficult prob- 
lem between two groups, the orthopedic surgeons and 
the engineers, each of which has much to contribute. 

Emit D. W. Hauser. 


‘SURGICAL TREATMENT FOR ABNORMALITIES OF THE HEART 
AND GREAT VESSELS. By Robert E. Gross, M.D. Springfield, 
Ill: Charles C Thomas, 1950. 

‘PROCEEDINGS OF THE First ANNUAL SYMPOSIUM ON ORTHO- 
PEDIC APPLIANCES UNDER THE AUSPICES OF THE SARAH MELLON 

FE FOUNDATION MULTIPLE FELLOWSHIPS. Washington, 
rea Orthopedic Appliance and Limb Manufacturers Associa- 

10n, 1950. 


NEW BOOKS 


HE volume Operativer Daumenersatz und Beseiti- 

gung von Greifsoerungen bei Fingerverlusten’ deals 
with experiences in the operative restorations of the 
grasping and pinching action of the hand consequent 
to loss or extensive destruction of the thumb. It is 
richly illustrated with case reports and figures stem- 
ming largely from patients with injuries sustained 
during the past war. The approach to the problem 
has been entirely a functional one, and a very excel- 
lent chapter on the anatomy and physiology of the 
hand introduces the surgical considerations. As far 
as possible the tissues for restoration should be 
obtained from the hand itself, so as to secure a mov- 
able, if possible, but above all, a sensitive digit. 
Hilgenfeldt feels very strongly that operations in 
which the new thumb is built up from flaps and bone 
grafts are seldom satisfactory, largely because of 
lack of sensibility. The author prefers, when pos- 
sible, to transpose the middle, or rarely, index finger 
to replace a missing thumb, the transposed digit car- 
rying with it, its skin, nerves, blood vessels and 
tendons intact. While this is the main theme of the 
book, there are several other chapters dealing with 
other methods of functional restoration of hands with 
various types of traumatic amputations. The whole 
account is very stimulating since each case recounted 
is an individual problem which the author deals with 
from the standpoint of the principles outlined. It isa 
distinct contribution to this field of surgery. 

MicnakEt L. Mason. 


HE paper bound volume of 156 pages, Chirurgie 

des Pancreas‘, written in German comprises a 
treatise on the surgery of the pancreas. Inasmuch as 
modern pancreatic surgery, especially for neoplasms, 
was developed in this country, the author draws very 
heavily upon the American literature on the subject 
during the past 15 years. All phases of the question 
are dealt with in a brief, concise, and at the same 
time very thorough manner. The first portion deals 
with pancreatitis including a discussion of the blood 
lipase and amylase tests for this condition. In regard 
to the treatment of acute pancreatitis the modern 
conception, i.e., conservative treatment, is empha- 
sized. Chronic pancreatitis is also adequately dealt 
with and a review of the recent surgical work of the 
French school is included (partial pancreatectomy). 
Several sections on interrelationships of pancreatic 
physiology with the physiology of other glands of in- 
ternal secretion are presented. The sections on 
trauma, cysts, and fistulas of the pancreas are thor- 
ough even though brief. Half of the book deals with 


3OPERATIVER DAUMENERSATZ UND BESEITIGUNG VON GREIF- 
SOERUNGEN BEI FINGERVERLUSTEN. By Prof. Dr. Med. Otto 
Hilgenfeldt. Stuttgart: Ferdinand Enke, 1950. 

‘CHIRURGIE DES PANCREAS. By Dr. Med. Walter Hess. 
Basel: Benno Schwabe & Co., 1950. 
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neoplasms of the pancreas, their diagnosis and sur 
gical treatment, which subjects, as pointed out, 
are thoroughly dealt with in the American literature 
which the author reviews very well. The literature 
up toand including 1948 is included in the discussions. 
This little book is very timely and, of course, has 
been written primarily for European consumption 
but for the American surgeon who can read Ger 
man the whole subject of pancreatic surgery is 
adequately covered. The bibliography is extensive 
and thorough and includes all the significant recent 
contributions in the world literature on the subject. 
ALEXANDER BRUNSCHWIG, 


HE notable volume Research in Medical Science! 
presents “a new breed of hybrid investigators ... 
which includes both the clinician who has become an 
expert in one of the fundamental sciences, and the 
representative of the fundamental sciences who has 
become an expert in some phase of medicine.” These 
hybrid contributors represent 26 phases of medical 
research with the backgrounds in the biological and 
physical sciences from which they stem. In the re 
sulting collection of essays the clinician and the 
medical student may discern the developing con 
cepts of a new kind of medicine which will owe its 
techniques and scope less to the magic of tradition 
than to the disciplines of the related fundamental 

sciences. 
The compiled essays are on the whole admirable, 
and the book represents a work of singular interest. 

Epirn B. FARNSWoRTH. 


HI second edition of Rehabilitation, Re-Educa 

tion and Remedial Exercises*, similar to the first 
that was published in 1943, is essentially on exercise 
in the treatment of the injured person. ‘The author 
has again called upon a number of physicians and 
physical therapists to write on certain specific sub 
jects in rehabilitation. The new edition includes 
such subjects as arthroplasty of the hip joint, osteo 
arthritis of the hip, and rehabilitation after injuries 
to the spinal cord and cauda equina. Patient re 
education of voluntary efforts is stressed. ‘Tech- 
niques are described and illustrated to show means 
of suspending parts of, or the entire, body by means 
of slings attached to springs or pulley weights, which 
are in turn fastened to cross-members of a Balkan 
frame, or to brackets on the walls or ceiling. The 
suspension apparatus is used to obtain as perfect a 
position as possible with regard to equilibrium, and 
the counterbalancing of the weight of the body by 
the springs or weights. When the body is totally 
suspended, a different arrangement is used when the 
patient is in a supine position as compared with 
when the patient is on the side. With spring sus- 





'RESEARCH IN MEDICAL SctENCE. Edited by David E. Green, 
Ph.D., and W. Eugene Knox, M.D. New York: The Macmillan 
Co., 1050. 

*REHABILITATION, RE-EDUCATION AND REMEDIAL EXERCISES, 
By Olive F. Guthrie Smith, M.B.E., F.C.S.P.(Hon.), T.M.G. 
Foreword by Lord Horder, G.C.V.O., M.D., F.R.C.P. 2d ed, 
Baltimore: Williams & Wilkins Co., 1o4o. 


pension more or less movement will occur in planes 
at right angles to the horizontal in addition to move- 
ments in a horizontal plane. ‘The author describes 
various types and sizes of springs, and the indica- 
tions for their use. ‘The suspension apparatus, ac- 
cording to the author, is used for three major pur- 
poses: (1) to assist the incapacitated patient, (2) to 
obtain fine grading of exercise for the after-treat- 
ment of recent injuries, and (3) to obtain leverage 
and fixed points for the manipulation or correction 
of certain orthopedic conditions. However, spring 
suspension gives in addition: (1) buoyant movement 
if hung vertically, (2) oscillatory movement if hung 
vertically, and (3) resistance movement if hung 
vertically, laterally or below the patient. This type 
of apparatus for exercise has many advantages over 
the Zander machines which were bulky, heavy, ex- 
pensive, and limited mainly to the use of patients 
who were ambulatory. 

The Guthrie Smith apparatus has definite indica- 
tions in the rehabilitation of the disabled. However, 
there are certain statements in the book that no 
doubt would be questioned by American physicians. 
This book should be of interest and very useful to 
physicians and therapists engaged in rehabilitation, 

Louts B, NEWMAN, 


N 1908 J. M. Munro Kerr published his first edi- 

tion of Operative Midwifery. The fifth edition of 
this work, now entitled Operative Obstetrics® with 
J. Chassar Moir as coauthor, has been extensively 
rearranged and rewritten. 

The new edition, the printing and binding of 
which are excellent, is comprised of 956 pages and 
390 figures, many of which are new. It is divided 
into six sections which cover the management of 
normal labor, dystocia of all types and obstetric 
operations as well as injuries and accidents to mother 
and child. 

This most thorough treatise upon complicated 
obstetrics is written clearly and interestingly. 
Throughout its pages the extensive clinical experi- 
ence of the authors is manifest. There are frequent 
descriptions of individual cases from the authors’ 
personal files which add to the value of the book. 

Emphasis has been placed upon antenatal care 
and the prevention of possible complications. Con- 
cerning the accoucheur it is stated, ‘‘He must never 
presume that a parturition is normal. He must not 
he content until he has satisfied himself that it is 
not abnormal.”’ 

There is an interesting and sensible discussion of 
analgesia and anesthesia. The danger of over seda- 
tion upon the normal processes of labor as well as 
upon the baby is appreciated, and the value of win- 
ning the confidence of the parturient in order to 
obviate this tendency is emphasized. 


SOPERATIVE Onsterrics; A GuIpDE TO THE DIFFICULTIES AND 
COMPLICATIONS OF OpsTETRIC Practice. By J. M. Munro Kerr, 
LL.D., F.R.C.0.G. (Hon. Causa), M.D., F.R.F.P.S.G., and 
J. Chassar Moir, M.A., M.D., F.R.C.S.E., F.R.C.0.G. sth ed. 
Baltimore: The Williams & Wilkins Co., 1040. 
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REVIEWS OF 


There is a careful consideration of trial labor in the 
management of patients with borderline dispro- 
portion. mass 

The chapter on cesarean section is most complete 
and the indications are thoroughly dealt with. Em- 
phasis is placed upon the advantages of the low 
cervical transverse incision which bears the name of 
the senior author. Surprisingly much attention is 
given to peritoneal exclusion operations, although 
the modern true extraperitoneal techniques are also 
described. 

Destructive operations upon the fetus are de- 
scribed in detail. It is pointed out that the younger 
obstetricians of today infrequently have the training 
necessary to make expert embryotomists of them. 
In this country, cesarean section is more widely used 
in cases where the authors resort to destructive 
operations. ‘The growing confidence in the safety of 
extraperitoneal cesarean section, even in badly in- 
fected patients is undoubtedly one of the reasons for 
this difference in approach. Other procedures which 
are recommended by the authors for occasional use 
and which are rarely used in the United States are: 
premature induction of labor in cases of dispropor- 
tion, symphysiotomy in cases of outlet contraction 
and delivery of the placenta per vaginam in infected 
patients upon whom cesarean section has_ been 
performed. 

Obstetric hemorrhage of all types is taken up in a 
complete and impressive manner. 

The volume is concluded with an informative chap- 
ter by C. Scott Russell upon maternal and fetal 
mortality in the British Isles. 

This is a book of importance in operative obstetrics 
and is highly recommended for obstetric specialists 
and graduate students. Mitton L. McCatt. 


HE delightful personal character of the original 

has been preserved in Kenneth Walker’s third 
edition of ‘Thomson-Walker’s Genito-Urinary Sur- 
gery! In general, it can be said that many of the 
older and outdated methods of treatment have been 
deleted and in their place some of the more recent 
advances have been inserted. This is particularly so 
in the chapter on infections of the urinary tract. 

The chapters on surgical anatomy of the kidney, 
physiology and pathology of renal function, and tests 
of renal function are very good and are accompanied 
by excellent illustrations. The chapter on renal 
calculi is excellent and the author quotes from wide 
experience. 

The portion of the book dealing with renal tuber- 
culosis is not particularly well done and is lacking 
especially in the modern concept of antibiotic 
therapy. 

Prostatic hypertrophy is discussed thoroughly. 
Surgery of the prostate is well described and _in- 
cludes all approaches, including retropubic pros- 


1GENITO-URINARY SuRGERY. By Sir John Thomson-Walker, 
D.L., M.B., C.M.Ed., F.R.C.S.Eng. Edited and revised by 
Kenneth Walker, M.A., M.B., B.C. (Cantab.), F.R.C.S. Eng., 
RLCS. 3ded. New York, London: Paul B. Hoeber, Inc., 1950. 
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tatectomy. A good general description of the electro- 
surgical method of transurethral prostatic resection 
is given, and also a brief description of the cold 
punch method. 

In the original edition the bibliography and refer- 
ences were excellent but in the third edition refer- 
ences to recent literature are lacking. 

The binding, typography and paper are pleasing. 
The author and publisher are to be congratulated on 
the excellent color plates; they are in true color and 
remarkable detail. D. O. Ferris. 


HE monograph The Cylologic Diagnosis of Can- 

cer represents the concerted conclusions of the 
staff of the Vincent Memorial Laboratory concerning 
their own personal experience in the cytologic studies 
of cancer. This experience is wide, controlled, and 
conservative. On the basis of their interpretations, 
the group has made a definite contribution to this 
adjunct in the diagnosis of cancer from a study of 
secretions. 

The volume is dedicated to Dr. George N. Papa- 
nicolaou who is responsible for the method. ‘There 
is a foreword by Drs. Joe V. Meigs and Maurice 
Fremont-Smith who, individually and together, 
have been responsible for the stimulus and the in 
terest in the subject. 

An exceptionally thorough arrangement has been 
followed in presenting the subject. In all instances 
there are clear, black and white photomicrographs 
of the normal layers of the various tissues as well as 
of the neoplasms which arise from them. Then there 
are low power and high power photomicrographs of 
the various cells seen in the secretions. Further aid 
is available through drawings and numbeys along 
with printed descriptions to designate the specific 
alterations. Throughout the text there is a running 
commentary concerning the various experiences of 
the group in the interpretations. Emphasis is laid 
upon the reason for mistakes as well as for successes. 

As would be expected, the major part of the vol- 
ume is allotted to the study of cells obtained from 
vaginal secretions. Appropriate space is allowed for 
sputum and bronchial sections, for material from 
the stomach, the genitourinary tract, and for fluids 
obtained by aspiration from thoracic and abdominal 
cavities. 

Statistical charts are missing. There is minimal 
comment concerning the usefulness of the method. 

There is a fine chapter on technique which the re- 
viewer believes to be one of the best on the subject. 

At the end there is a complete bibliography. 

In summary, it is recommended that this book 
become an integral part of the working library of all 
laboratories making cytologic studies of the various 
secretions. For purposes of interpretation of results, 
the clinician who is utilizing this diagnostic method 
should also have a copy at hand. 

Mark C,. WHEELOCK. 
2THe Cytotocic DIAGNosiIs OF CANCER. By the Staff of the 
Vincent Memorial Laboratory of the Vincent Memorial Hospital. 
Philadelphia, London: W. B. Saunders Co., 1950. 
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HE great problem that confronts an author of a 

textbook or reference book is to find a proper 
balance between the number of subjects presented 
and the completeness with which each is treated. 
Except for a few minor exceptions, Dodson has 
achieved this goal in the second edition of Urological 
Surgery.! The second edition has been definitely 
improved and brought up to date where needed. It 
is an excellent book on urological surgical technique 
which should be in every urologist’s library. 

Although most of the book deals with urological 
surgical technique, a few other chapters are included. 
Among them is the chapter on diagnosis and urogra- 
phy which, although well written, is so brief as to be 
of little value to the average reader. One wonders if 
such a chapter is necessary in a book of this kind, 
which is concerned primarily with surgical proce- 
dures. The space might be better used to enlarge 
the chapter on anesthesia in urological surgery, 
which also is too brief to be of much practical value. 
It would seem that a more complete well illustrated 
chapter on anesthesia (including technique of ad- 
ministration) would enhance the book greatly. 

The chapters on acid-base balance and fluid ad- 
ministration and blood transfusion and the treat- 
ment of shock contain subject matter well chosen 
for a book of this kind. Such concise summaries of 
chemical and physiologic problems, so important in 
surgical treatment, are hard for the busy surgeon or 
practitioner to find, and will be most helpful. Medi- 
cal and surgical progress as well as trends in medical 
and surgical thinking are often accurately recorded 
in succeeding editions of medical hooks. An example 
of this is the contraction of the chapter on Nephrop 
tosis and Its ‘Treatment and the expansion of the 
chapter on Neurogenic Disease of the Bladder. 

The main purpose of the book is to describe the 
standard accepted urologic operations and to discuss 
their indications and contraindications. ‘This material 
comprises the bulk of the book. It is well written, 
concise and beautifully illustrated. The illustrator, 
Helen Lorraine, must be given great credit for giving 
the book a uniform and attractive appearance as 
well as making it most instructive and easily under 
stood. 

It is the tendency of most authors to present their 
material in too much detail. Dodson has avoided 
this pitfall and has presented only the ‘‘meat”’ of the 
subject. Although some readers may think that at 
times he has been too brief, most physicians will wel- 
come his straightforward, simple and almost con- 
versational method of presentation. A bibliography 
attached to each chapter furnishes the key articles 
to each subject should the reader desire to pursue 
the subject further and in greater detail. 

The author is to be complimented on his ability as 
well as on his honesty in evaluating difficult and con- 
troversial subjects. For example, probably no better 
summary of tumors of the urinary bladder has been 

‘UROLOGICAL SuRGERY. By Austin Ingram Dodson, M.D., 


F.A.C.S., and Contributors. 2nd ed. St. Louis: The C. V. Mosby 
Co., 1950. 


written than the chapter on tumors of the bladder, 
general considerations. It will make good reading for 
even the most experienced urologic surgeon and 
humble the most dogmatic. 

Two suggestions might be made. In the chapter 
on congenital anomalies of the male urethra and their 
treatment, no mention has been made of the McIn- 
doe tunnel graft method for reconstruction of the 
urethra in the treatment of hypospadias. The value 
of this operation has now been thoroughly proved 
and a description of this procedure should be in- 
cluded with other standard operations for hypospa- 
dias. Also, the subject of hermaphroditism seems to 
be of sufficient importance to warrant more complete 
and detailed presentation. Joun L. Emerr, 


N his excellent volume, Varicose Veins?, Foote dis- 

cusses the history of the treatment of varicose 
veins in detail. He stresses the importance of a high 
saphenofemoral ligation above all the branches and 
uses as a sclerosing solution 10 cubic centimeters of 2 
per cent phenol in 30 per cent glycerine. This solu 
tion is effective but there are many objections to it 
and it is no longer used by American surgeons. He 
prefers not to ligate the short saphenous vein, but 
as a rule only injects it. He emphasizes reverse flow 
and congestion as causative factors in varicose ulcers, 
and stresses the compression therapy in their treat- 
ment. 

He pays little attention to the value of the per- 
cussion pulse transmission test of Schwartz, although 
most surgeons agree that it is of value and should be 
used in every case. He does not emphasize the use 
of lumbar sympathetic block of sympathectomy but 
states that in some cases it may be of value. He be- 
lieves that in the presence of phlebitis varicose veins 
should never be injected or treated. 

H. O. McPHEETERS, 


O anyone interested in the development of new 

concepts of certain fundamental physiologic and 
pathologic processes, the Proceedings of the First 
Clinical ACTH Conference’ is a book full of stimu- 
lating ideas. Dr. John R. Mote, of the Armour 
Laboratories, realized the need for some correlation 
of the vast amount of work being done with ACTH 
in many different places. The conference was thus 
arranged and held in Chicago in October, 19409. 
lifty-two papers were presented, and these with the 
accompanying discussions are given in the Proceed- 
ings. It is astounding to realize the number of 
pathologic entities in which the effects of ACTH have 
been studied. The discussions are particularly in- 
formative because the ideas expressed are recorded 
verbatim without the delay of editing. For this rea- 
son and because the papers are reports of work in 
progress, no quotations are permitted without the 


“VARICOSE VEINS. By R. Rowden Foote. London: Butter- 
worth & Co., Ltd.; St. Louis: The C. V. Mosby Co., ro4o. 

3PROCEEDINGS OF THE First CiintcaAL ACTH ConFEeRENCE. 
Edited by John R. Mote, M.D. Philadelphia, Toronto: The 
Blakiston Co., 1950. 
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permission of the contributor. As pointed out by 
Dr. Mote in the introduction, the reports are not to 
be considered conclusive, and undoubtedly some of 
the ideas presented will have to be modified as fur- 
ther facts come to light. 

The arrangement of the papers is such that studies 
of pituitary-adrenal function in a disease state are 
presented before the report of the action of ACTH 
in that particular disease. Thus a certain unity and 
lack of repetition is achieved. With the release of 
ACTH to qualified hospitals in July, 1950, there will 
bea great need for dissemination of knowledge about 
the hormone. This knowledge is and will be scat- 
tered throughout many journals. For this reason, if 
for no other, this book is well worth-while. It is to be 
hoped that such a conference will be sponsored 
yearly. Donan C. BALFour, JR. 


Na volume of 550 pages entitled Operative Surgery! 

a group of surgeons from London, Edinburgh, 
and Glasgow, have described the most commonly 
performed operative procedures which are believed 
to be the most acceptable by the various authors. It 
is illustrated by 235 figures. It is concise and the 
operations are described in a clear manner. The 
choice of the various operative procedures are not 
alvays the most popular operations used in this 
country for the given condition. A concise ana- 
tomical description is given before each section. 

This third edition has been revised particularly 
with regards to choice of anesthetic, the technique of 
abdominal surgery, and amputations. While not 
suitable for reference work since it makes no pre- 
tense of being such, it is a handy addition to the 
surgeon’s library. 

Tuomas C, Dovuc ass. 


ROCURING an early diagnosis of cancer as it 

may appear in the various organs and tissues of 
the body and supplying adequate treatment is a 
tremendous task. There seems to be no doubt but 
that if any demonstrable inroad on the disease is to 
be made so far as clinical procedures are concerned 
which utilize fully scientific information now avail- 
able, the general practitioner must recognize or sus- 
pect the early lesion and treat it properly or refer 
the patient to someone who is competent to make 
the final diagnosis and administer adequate treat- 
ment. Possibly go per cent of all early cancer cases 
come to the general practitioner first and must be 
recognized or suspected by him. This problem of the 
early diagnosis or the suspicion of the presence of 
cancer by the general practitioner must be viewed 
from the standpoint of the practitioner. It has been 
estimated that the average busy general practitioner 
sees only about 5 new cases of cancer in a year. On 
the other hand he sees many other more common 


‘OpeRATIVE SuRGERY. By Various Authors. Edited by 
Alexander Miles, M.D., LL.D., F.R.C.S. (Ed.), and Sir James 
Learmonth, K.C.V.O., C.B.E., Ch.M., F.R.C.S. (Ed.). 3d ed. 
London, New York, Toronto: Geofirey Cumberlige, Oxford 
University Press, 1950. 
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diseases or functional abnormalities. It seems logical 
to conclude that it is difficult to keep the busy prac- 
titioner’s mind constantly alert to the possibility of 
cancer and yet this inevitably must obtain. 

To enhance early recognition of cancer by the gen- 
eral practitioner a number of projects and methods 
are being employed. In Illinois, the Iliinois Division 
of the American Cancer Society gives intensive 
weekly courses from time to time in the diagnosis 
and treatment of cancer to physicians throughout 
the state. These courses are free; even the physi- 
cian’s expenses are paid. 

A number of states have prepared manuals in 
which are incorporated brief and concise information 
on cancer diagnosis and the principles of treatment. 
These manuals are prepared by men who are inter- 
ested and competent and are supplied free of charge 
to the physicians of the state. One of the earliest of 
such manuals to appear was that prepared in Massa- 
chusetts. The first edition of Cancer; a Manual for 
Practitioners was published in 1940, a copv of which 
is before the reviewer. This manual has always been 
considered an excellent compendium. The first issue 
of the 1940 edition received by the reviewer was 
purloined by a medical student or an interne under 
conditions where many other books were available. 
This was considered by all to be the best recommen- 
dation as to the value of the work. A member of the 
Committee on Publication (CCS) was so kind as to 
replace the lost copy. Now the second edition? is off 
the press. 

The second edition like the first consists of brief 
and concise articles on cancer of the various organs 
written by men particularly interested in the sub- 
ject. Every region of the body is covered. it re- 
quires a wealth of knowledge and ingenuity to be 
able to give in so brief a form the basic essentials of 
diagnosis and outline or suggest the type of therapy 
so that the entire body can be covered and also to 
include such entities as Hodgkin’s disease, leuce- 
mia, and the like. 

The first edition has been completely rewritten. 
Some new authors have participated and cancer 
diagnosis and methods of treatment have been 
brought up to date. No details of treatment are in- 
cluded, diagnosis being stressed. The articles are all 
brief and concise so that each may be read in but a 
few minutes, yet a tremendous amount of informa- 
tion is supplied and no important item is omitted. 
This book illustrates the art of concise writing; every 
line is informative. When one considers that in 290 
pages cancer of every organ of the body is described 
and the treatment outlined, and that there are in- 
cluded articles on historical trends in cancer, epi- 
demiological aspects of cancer, pathology of malig- 
nant disease, modern cancer research, biopsy in rela- 
tion to tumor study, symptoms, examination and 
principles of treatment, the treatment of malignant 
disease by irradiation, occupational and environ- 
mental tumors, the hormone therapy of cancer, 


2CANCER; A MANUAL FOR PRACTITIONERS. 2d ed. Boston: 


American Cancer Society, 1950. 
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malignant disease in children, the care of the patient 
with advanced cancer, and the role of the dentist in 
cancer control—the task seems impossible, but nev- 
ertheless it has been accomplished. The book must 
be read to be appreciated. 

It is stated in the preface, “This book is designed 
to aid the general practitioner in the diagnosis of 
cancer and to suggest the methods of treatment gen- 
erally accepted as the best. No attempt has been 
made to go into the details of the surgical, radio- 
logical or other forms of treatment.” It was pre- 
pared by a committee on publication of the Massa- 


chusetts Division of the American Cancer Society 
and the publication made possible by a grant from 
the Massachusetts Division of the American Cancer 
Society. The Department of Public Health of Mas. 
sachusetts has promised to purchase copies of the 
book at cost for free distribution to registered physi- 
cians of the state. 

This second edition is prized by the reviewer. The 
superb work done by the authors deserves praise 
and the thanks of the medical profession. Such a 
manual should be in the hands of every practitioner, 

Joun A. Worrer, 
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